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yt, May | it pleaſe your Royal Highneſs, 
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ing Experiments to Your - 
Highneſs s Patronage, to pro- 


 #-& 


that the 
Unrtaſonabl 


ignorant a 


—— 


— 


* 1 


ſearches of this kind, notwit 5 


18 


ſtanding they are the onl ſo- 


lid and rational means W. 


„5 a N 2 4 _— | 
_ 5 % 1 > 


by we may ever hope to make 
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2 "HERE Ate Ses be leſs than a 
1 Century very great and uſeful" diſro- 
veries made in the amazingly beautiful Aruc- 
ture and nature of the animal economy ; neither 
have Plants paſſed unobſerved in this inqui- 
 fitive age, whith has with ſuch di ligenee ex- 
tended its inquiries in ſome degree, into almoſt 
every branch of nature s ee a 
4 wonderful U EJ. 
s find in the P bib phical 7 tee 
and in the Hiſtory of the Royal Academy of 
Srientes, accounts of many curious Experi- 
ments and Obſervations made from time to 
time on Ve egetables, by ſeveral i ingenious and 
mnquiſitive Perſons : But our countryman 
Dr. Grew and Malpighi were the firſt, 4 
the in very diftant countries, did nearly at 
the ſame time, unknown 10 each other, ingagr 
in à very diligent and thorough inquiry into 
the ſtructurę of the. veſſels of Plants; a pro- 
wo which Fill then had layn uncultivated. 


 vrigin, the ſeminal Plants, to their full growth 


The PREFACE. 1 


They haus given as very accurate and. faithful = 


arcounts of the ſtrutture of the parts, which 
they carefully traced;' from their firſt minute 


andenerarity thro their Roots, Trunk; Bark, 

anches, Gems,” Sheots,: Leaves, Bloſſoms 
und Fruit. In all which they obſervedanexatt 
and regular ſymetry of Parts moſt curiouſly 
wrought in ſucih manner, that the great wark 


9 | of Vegetation might effettually: be carried on; 


the uniform co: operation of the ſeveral. 


[ Parts, erding re the nent * n. 


4 | 1 way of inquiry, perſaus of their great 


| 1 5 thereby toſee what influence the differ ent ſtates 
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_ thod to find out the Sap s-velecity," and the 
force with which it is imliled: As alſo to 


ed. them by nature. 
Had they fortuned 0 have: K into this 


application and. ſagacity had doubtleſs ade 
confiderable aduances in the knowledge of the 
nature of Plants. This: is the only ſure way 


to meaſure the ſeveral quantities of nouriſb. 


ment, which Plants imbibe and per ſpire, 
of Air haue on them. This is the lilelieſt ne- 


13 the great power. that nature exerts 
EN | 1 INE 


PI 


Aout 20 years ſince, I made ſeveral he: 
maſtatical Experiment on Dogs; and 6 years 
efterwards repeated the ſame on Horſes and 
other Animals, in order to ſind out the real 
force of the blood in the Arteries; -Jome-of 
which ure mentioned in the third changer f 
this book: At which times Taviſhed I could 
have made the like Experiments, to diſcover 
the force of the Sap in Vegetables; but def 
paired of ever effefling it, till about ſeven 
years ſince, by. mere accident” T hit: upon — 
while I was endeavouring by ſevernh way. 
flop the bleeding of an old eme nn wh * 
Was cut too near the —— 10 I 
proved incffeftual, ted a des of bladder over 
the tranſverſe cut of the Stem, I found. 
force of the Sap did greatly extend the bladder; 
whence I concluded, that if 'a long glaſs Tube 
were fixed there in the ſame manner, as Thad 
before done to the Arteries of ſeveral living 
Animals, I ſhould thereby: obtain the real -4 
cending force of the Sap in that Stem; x 
ſucceeded according to my 'expettation, uni 
bene ite, that I have dur gh eo, 
to make farther and eee wes 
. * Experimem. 
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* -fathe art of Phyſick has of late years been 
much improved by a greater knowledge of the 
animal economy ſo doubtleſs a farther inſight 
into the uegetabli æconamy muſt needs pro- 
porivenably- improve aur Skill in Aericulture 

Gardening. \ which gives me reaſon o 
hope, that inquiries of this kind will be ac. 
2 to many, who. are intent upon impro- 
wing thoſe innocent, delightful, and beneficial 
8 : Since they cannot be inſenſibie that the 
moſt rational. ground for Succeſs. in this lau- 
dable purſuit muſt ariſe from a greater ir 
| Meme the eee Plant. 
Finding by-many Experiments in the fitth 
FE Mer, — ys * is plentifully inſpired 
„ Hgetables, nat only at their roots, but 
alſo: tino ſeveral parts of their Trunks aud 
Branches; this put me upon making a more 
parkicadar inquiry into the nature of the Air; 
aud to diſcover, if poſſible, wherein its great 
eee to he life and ſapport of Vege- 
tables mght comſiſt : on which account Þ was 
obliged to delay the publication of the reft.of 
| theſe Experiments, which were read two years 

_ fence before the Rayal Saciety, till 1 had made 

 Jome: progreſs. in rhis inquiry. An.account of 
E * in — wy K 


Where 


* rie PREFACE 5 

"Where it appears by many thymio- flat al 
E xperiments, "That there is diffuſed" thro alt 
natural, miltually arrracting bodies, 4 1 
proportion of particles, which, 1 as the firſt great 
Author of this import ant diſtovery, Sir- ige 
Newton ol ſer ves, are capable of being thrown. 
off from denſe bodies by heat or fermentation. 
into a vigorouſly elaftick and permanently re- 
pelling ſtate: And alſo of returning by Fer. 
mentation and ſometimes without it, into 
denſe bodies; It is by this amphibious Pro. 
perty of the air, that the main and principal 
operations of Nature are carried on; for 4 
maſs of mutually attratting particles, with- 
out being blended with à due proportion o of- 
elaſtick repelling ones, would in many caſes ſoon 
coaleſce into a ſluggiſh lump. It is by theſe. pro. 
perties of. the particles of matter that he ſobves 
the principal Phenomena of Nature. And Dr. 
Freind has from the ſame principles given a. 
very ingenious Rationale of rhe chief opera. 
tions in Chymiſtry. It is therefore of impor- 
tuance to have theſe very operative properties of 
natural bodies further aſtertained by more 
Experiments and Obſervations : And. it it 
with ſatisfattion that we ſee them more and 
more * to us, by every farther 1 
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r REFACE vi 


5 pang, E xperiments will 
Han KITE fhewing how great the power 


of the attraction of acid  ſulphureous partichs 
muſt be at ſome little diſtance from the point 
of contaty, 70 by able moſt readily to Jubdue 


and / * elaftick aereal particles , which repell 
with a ; force / 


upertor to vaſt; incumbent preſ- 


ſures : Which | particles. we find are thereby | 


* 1 
wy 2 


changed" from 4 ſtrongly repelling, to. ar 


7 ſtrongly. an attratting fate. : And that ela- 
ficity is no immutable property. of air, is Fur. | 


ther evident f from theſe E xperiments; becauſe. 
it were impoſih ble for ſuch great quantitie of 


it to be confined in the ſubſtances of Animals 


and V. egetables,. in an elaſtick tate, without 


1 rending. their STR parts with a vaſt 
| exploſion. 


Ln : 


4 have been carefil i in making, and faithful 
in in relating the reſult of f theſe Experiments, and 
wiſh. ITcould be as happy in drawing the pro- 


' per inferences from them. However I may Fall 


. Hort at. fir ſt ſetting out in this ſtatical way of 
inquiring into the nature of Plants, yet there is 


good reaſon to believe that conſiderable advan. 


ces in the kno edge of their nature may in 
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And I hope the publication of this Specimen | 
of what I have hitherto done, will put atherg 


upon the ſame purſuits, there being in ſo large 
4 field, and among ſuch aninnumerable variety 


of ſubjects, abundant room for many heads 
and hands to be employed in the wor-: For 
the wonderful and ſecret operations of Nature 
are ſo involved and intricate, ſo far out of the 


reach of our ſenſes, as they preſent themſetves 


to us in their natural order, that it is inn 
poſſible for the moſt ſugacious and penetrating | 
genius to pry into them, unleſs he will be at 
iR pains of analyting Nature, by a numerous 
and regular ſeries of Experiments; which are 


| Jonably expect to make any advance, in the 


real knowledge of the nature of things. 
Imuſt not amit here publickly to acknowledge, 
that I have in ſeveral reſpects been much ob. 
liged to my ingenious and learned neighbour | 
and friend Robert Mathers of the Middle 


W 


Temple, Eſq; for his aſſiſtance herein. 
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E mee, whereby to prove, that a con- 
ſiderable e 4 * air is Inſpires by 
Plants.” WO ITS 55 148. 
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AS pecimen F an attempt to * the 

Air by chymio-ſtatical Experiments, which 

. ſhew, in how gregt a proportion Air is 

wrought into the compoſition of Animal, 
Vegetable and Mineral Subſtances : And 

withal, how readily it reſumes its elaſ- 

tick State, when in the diſſolution of thoſe 

S — it is ifs ingaged from them. 
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IEE farther reſearches we make in- 
to this admirable ſcene of things, 
the more beauty and harmony we 
| ſee i in them: And the ſtronger and clearct 
convictions they give us, of the being, power 
and wiſdom of the divine Architect, who 
has made all things to concur with a won- 
derful conformity, in carrying on, by ya- 
rious and innumerable combinations of mat- 
ter, ſuch a circulation of cauſes, and effects, 


a Was n to the great ends of na- 
ture. 


And ane we + ate aſſured chat the all wiſe 
Creator has obſcryed the moſt exact propor- 
tions, of number, weight and meaſure, in 
the make of all things; the moſt likely way 
therefore, to get any inſight into the na- 
ture of thoſe parts of the creation, which 
come within our obſcrvation, muſt in all 
rcaſon be to number, weigh and meaſure. 
And we have much cncouragement to * 
B 


— — 


| 2 Vegetable Staticks. 
ſue this method, of ſearching into the nature 
of things, from the great ſucceſs that has 
attended any attempts of this kind. 
Thus, in relation to thoſe Planets which 
revolye about our Sun, the great Philoſo- 
pher of our age has, by | numbering and 
meaſuring, diſcovered the exact proportions 
that are abſervecd in their periodical reyo- 
lutions and diſtances from their common 
centers of motion and gravity: And that 
God has not only comprehended the duſt 
of the earth in a meaſure, and weighed the 
mountains in ſcales, and the hills in a ba- 
lance, Iſa. xl. 12. but that he alſo holds the 
vaſt revolying Globes, of this our ſolar Sy. 
| tem, moſt exactly poiſed on 1 their common 
center of -gravity. | | 
And if we reflect upon the diſcoveries 
that have been made in the animal œcono- 
my, we ſhall find that the moſt conſider- 
able and rational accounts of it have been 
chiefly owing to the ftatical examination 
of their fluids, viz. by enquiring what quan- 
tity of fluids, and ſolids diſſolved into fluids, 
the animal daily takes in for its ſupport 
and nouriſhment : And with what force . 
and — rapidities thoſe fluids are car- 
- f. ß #5 # 6 tied 


#: '» 2 
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Vegetable Staticks. F: 
ried about in their proper channels, accord- 
ing to the different ſecretions that are to 

be made from them: And in what pro- 
portion the. recrementitious fluid is convey- 
ed away, to make room for freſh ſupplies ; 
and what portion of this recrement na- 
ture allots to be carried off, by the ſeveral 
kinds of emunctories and excretory duds. 

And fince in vegetables, their growth and 
the preſervation of their vegetable life is 
promoted and maintained, as in animals, 
by the very plentiful and regular motion 
of their fluids, which are the vehicles or- 
dained by nature, to carry proper nutriment 
to every part; it is therefore reaſonable to 
hope, that in them alſo, by the ſame me- 
thod of inquiry, conſiderable diſcoveries 
may in time be made, there being, in ma- 
ny reſpects, a great. . between Plans ; 
and animals. | 
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TULY. 3. 1724. in 500 to aud « out die 

quantity imbibed and perſpired by the 
Sun- Flower, I took a garden- pot (Fig. 1.) 
with a large Sun- Flower, a, 3 feet + I high, 
which was en JR in it "whe | 
Teng = =. 

I covered che: pot. with I eres akin. 
milled lead, and cemented all the joints faſt, 
ſo as no vapor could paſs, but only air, thro' 
a {mall glaſs tube 4 nine inches long, which 
was fixed purpoſely near the ſtem of the 
plant, to make a free communication with 
the outward air, and that under the leaden 
plate. 
I cemented alſo another ſhort gest tube 
g into the plate, two inches long and one 


inch in diameter. Thro this tube I watered 


the plant, and then ſtopped it up with a cork ; | 
ſtopped up alſo the — 0 Lat the bottom 
of the * with corks. 


'E weightd 2 


*%: 


Preamble Sraricks. 5 


N weighed this pot and Pant morning 
as evening, for fifteen: ſeveral days, from 
Fuly 3. to Aug. 8. after which I cut off the 
plant cloſe to the leaden plate , and then 
covered the ſtump well with cement; and 


upon weighing found there perſpired thro 
the unglazed porous pot two ounces every 


twelve hours day, which being allowed in 
the daily weighing of the plant and pot, 1 
found the greateſt perſpiration of twelve 
hours in a very warm dry day, to be one 
pound fourteen ounces; the middle rate of 
perſpiration one pound four ounces. The 
perſpiration of a dry warm night, without 
any ſenſible dew, was about three ounces; 
but when any ſenſible, tho ſmall dew, then 
the perſpiration" was nothing; and when a 
large dew, or ſome little rain in the night, 
the plant and pot was increaſed in weight 
two or three ounces. N. B. The weights 1 
1 uſe of were Avoirdupoiſe weights. 
I cut off all the leaves of this plant, and 
laid them in five ſeveral parcels, according 
to their ſeveral” ſizes; and tken meaſured 
the ſiitface of a leaf of cach parcel, by lay- 
| ing over it a large lattice made with threads, 
in Which the little ſquares were of an inch 
„„ egen; 3 


6 Vegetable Saadet 


cachs by numbering of which I had: the ſur: 
face of the leaves in ſquare inches, which 

_ multiplied by the number of the leaves in 
the correſponding parcels, gave me the area 
of all the leaves; by which means I found 
the ſurface of the wholeplant, above. ground, 
to be equal to 5616 Sgt inches, or 39 
ſquare feet. 

I dug up another 1 nad of 
the ſame ſize, which had eight main roots, 
reaching fifteen inches deep and ſideways 
from the ſtem : It had beſides. a very thick 
buſh of lateral roots, from the eight main 
roots, which extended every way in a He- 
miſphere, about nine inches from nabe ſtem : 
and main roots. | 5 
In order to get an n of the length 
of all the roots, I took one of the main roots, 
with its laterals, and meaſured and weighed 
them, and then weighed the other ſeven roots, 
with their laterals, by which means I found 
the ſym of the length of all the t 5 be 
no leſs than 1448 feet. 

And ſuppoſing the nenn of ha 
ata medium, to be J of an inch, then their 
85 ſurface wil * 4 2286 Gs ane 2 8 

kae 


— n 19 7 


. quare feet; that is, equal to + of the e | 
of the plant above ground. 5 
11, as above, twenty ounces of water, at 
a medium, perſpired in twelve hours day 
6. e.) thirty four cubick inches of water 
(a cubick inch of water weighing 254 grains) a 
then the thirty four cubick inches divided 
by the ſurface of all the roots, is = 2286 
ſquare inches; (i. e.) +++ is = 27, this gives 
the depth of water imbibed by the whole 
| ren of the roots vis.' ++ part of an inch. 
And the ſurface of the plant above ground, 
being 5616 ſquare inches, by which divid- 
ing the 34 cubick inches, vis. + = r; 
this gives the depth perſpired by the whole 
ſurface of the Plane above ground, vir. rx 
part of an inch. 1 0 
Hence, the W with highs! water 
enters the ſurface of the roots to ſupply the 
expence of perſpiration, is to the WOE | 
with which the ſap perſpires, as op 67, 
or as 27: rr, Or nearly as 5 : 1 
The area of the tranſverſe cut = the mb | 
dle of the ſtem is a ſquare inch; therefore 
the areas, on the ſurface of the leaves, the 
roots, and ſtem, are As a6 l.. 
1 velocities, in the ſurface of the leaves, 
* WS 11 


* » 1 
* * 4 * wa & 


roots, and tranſverſe cut of the Sand 
gained by a e eee oh cho 
aca 18 25 | 652 -obh 


| jenny =2-eifes | 


"roots = 2286 


Aren of 


velocity 


ſtem 1 


— 
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Now, their perſpiring 34 cubick inches in 


twelve hours day, there muſt ſo much paſs 


thro' the ſtem in that time; and the velo- 
City would be at the rate of 34 inches in 
twelve hours, if the ſtem were quite hollow. 
In order therefore to find out the quanti- 
ty of ſolid matter in the ſtem, July 27th at 
7. a. m. I cut up even with the ground a 
Sunflower; it weighed 3 pounds, in thirty 
days; it was very dry, and had waſted in all 
2 pounds 4 ounces; chat is + of its whole 
weight: So here is a fourth part left for 
ſolid parts in the ſtem, (by throwing a piece 
of green Sun- flower ſtem into water, I found 
it very near of the ſame ſpecifick gravity 
with water) which filling up ſo much of the 
ſtem, the velocity of the ſap muſt beincreaf- 
Ed * du. i part more, (by 
NN Z reaſon 


N Arte State; 890 
bealän bf the rochrdesl proportion) that 4 
cubick inches may paſs the ſtem in twelve 


hours; whence its velocity in the ſtem will be | 


45% inches in twelve hours, ſuppoſing theres 


be no circulagon- nor return "RE He” oy 
downwards. * N to 359 a 
I, there be added to 34, „ (which is the e lesſt 
velocity): of it r 15 this gives the greateſt 
velocity, vis. 45. The ſpaces being a as EE 2 
4 the velocitics' will be 4: * 47: oo” 
But if we ſuppoſe the pores in "chi! dur. 
face of the leaves to bear the ſame propor- 
tion, as the area of the ſap veſſels in the 
ſtem do to the area of the ſtem; then the 
velocity, both in the leaves, root and ſtem, 
will be increaſed in the ſame proportion. 
As pretty exact account having been ta- 
ken, of the weight, ſize, and Talkie of this 
plant, and of the quantities it has imbibed 
and perſpired, it may not be improper here, 
to enter into a compariſon, of what is taken 


995 


in and | perſpired by a human body, and 1 408 
plant. 1 
The: weight of. 2 well fi 200. man is 10 
pound: The weight of the Sunflower is 
three pounds, ſo their Free are to each 
other as 160 7 3, or as 53: N 
Ys | 5 „ 
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10 — Gaile. 
The nn of ſuch human 


ren 1s. Sad 


* ſquare feet, or 2160 ſquare: inches. 


The ſurface, of the Sun - flower is —_ 


ſquare inches, ſo its ſurface i is to the. ure. 


of a human body en en e ee e 
The quantity perſpir'd by a man in twen- 


. ty four hours is 3 1 ounces;.as Dr. Keill found, 


vide Medicina Statica Britannica, p. "Tv 
The quantity perſpired by the plant, in ho 

ſame time, is 22 ounces, allowing two ounces 

for the perſpiration of the beginning, and 


. ending of the night in Fuly, viz. after even- 


ing and before morning, weighing, incl ag 
fore and after niht. 


LE” a 


So the perſpiration; of a man to che Sun- 
flower is as 14 1.: n / 
Abaring the ſix ounces of the . one 
ounces, to be carried off by reſpiration from 
the lungs in the twenty four hours; z (which 
I have found by certain experiment to be ſo 
much if not more) the twenty five ounces 


5 multiplied by 437 + 2. the number of grains 


in an ounce Avoirdupois, the product „ 


10937 grains; which divided by 254, the 
number of grains in a cubick inch of Water 


gives 43 cubick inches perſpired by a man: 


* 


7 Which reed 235 2 ſurface of his body, 


5 VIS. 


11 


— Seaticks, 


VIS. 2160, ſquare inches, the quotient is 
3 part of a cubick inch perſpired off a ſquare 
inch in twenty four hours. Therefore in 
a equal ſurfaces and aun times the man per- 
ſpires , the plant , or as 50: 15. 


Which exceſs in the man is oecaſioned 
by the very different degrees of heat in each: 
For the heat of the plant cannot be greater 


than the heat of the circum-· ambient air, 
which heat in ſummer is from 25 to 35 de- 
grees above the freezing point, (vide Exp. 
20.) but the heat of the warmeſt external 
parts of a man's body is 54 ſuch degrees; 


and the heat of the blood 64 degrees; 
which is nearly equal to water heated to 
ſuch a degree, as a man can well bear to hold 


his hand in, ſtirring it about; which heat is 


ſufficient to make a plentiful evaporation. 
Qu. Since then the perſpirations of equal 


areas, in a man and a Sunflower, are to each 


other as 165: 50. or as 37: 13 and ſince the 
degrees of heat are as 2: 1, muſt not the ſum 
or quantity of the areas of the pores lying 
in equal ſurfaces, in the man and Sunflower, 


be as 16: 1? for it ſeems that the quantities 


of the evaporated fluid will be as the degrees 


0 of heat, and the ſum of the areas of the Jores . 
wen — „„ Dr. 


* - 
* 
n - * * 
1 PPP 75 


—— - 


\ 


Dr. Keill; by eſtimating the quantities of 
the ſeveral evacuations of his body, found 
that he eat and em wer, 1 _—_— 
Forney! T0 unς,eVtf. 
The Sunflower imbibed and; perſyivod in 
the ſame time twenty two ounces, ſo the 
man's food, to that of the Plant, i 1s as 74 
ounces to 22 ounces, or as 7: 2. 
But compared bulk for bulk, the . im- 
bibes ſeventeen times more freſn food than 
the man: For deducting five ounces, which 


Dr. Keill allows for the feces alui, thete 


will remain ſixty nine ounces of freſh li- 


quor, which enters a man's veins; and an 


equal quantity paſſes off every 24 hours. 
Then it will be found, that ſeventeen times 
more new fluid enters the ſap veſſels of the 
plant, and paſſes off in 24 hours, than there 
enters the veins of a man, and paſſes off = 
the ſame time. 

And ſince, eöm patch bulk for bulk, lee | 


plant perſpires ſeventeen times more than 


the man, it was therefore very neceſſary, by 


giving it an extenſive ſurface, to make a large 


proviſion for a plentiful perſpiration-in the 


plant, which has no other way of diſcharg- 
= ſuperfluitics; ; whereas there is proviſion 
ä made 


aal Sraticks. 13 


made ih man, to catry off above Half of 


what he takes in, by other evacuations: © 


+ For ſince neither the ſurface of his body 
was extcnſive enough to cauſe ſufficient ex- 
halation, nor the additional wreak, ariſing 
from the heat of his blood, could carry off a- 
bove half the fluid, which was neceſſary to be 


| diſcharged every twenty four hours; there 

was a neceſſity of providing the nee 

to percolate the other half three. 
And whereas it is found, that ſeventeen 


times more enters, bulk for bulk, into the 


ſap veſſels of the plant, than into the veins 
of a man, and goes off in twenty four hours: 
One reaſon of this greater plenty of freſh 


fluid, in the vegetable than the animal body, 


may be, becauſe the fluid which is filtrated 
thro' the roots immediately from the earth, 


is not near ſo full fraighted with nutritive 


particles as the chyle which enters the lacteals 
of animals; which defect it was neceſſary to 


ſapply by the entrance of a much ſreater | 


quantity of fluid. 
And the motion of the ſap is thereby much 
accelerated, which in the heartleſs vege- 


m yould a een be very dow; it ha- 
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ving probably: only a progreſſive and not 4 
n motion, as in animals. 
Since then a plentiful perſpiration: is 
I found ſo neceſſary for the health of a plant 
or tree, tis probable that many of their diſ- 
tempers are owing to a ſtoppage of this ; 
EIS: by inclement air. 

The perſpiration in men is often 1 
to a fatal degree; not only by the incle- 
mency of the air, but by intemperance, and 
violent heats and colds. But the more tem- 
perate vegetable's perſpiration can be ſtopped. 
only by inclement air; unleſs by an un- 
kindly ſoil, or want of genial moiſture it is 
deprived of proper or ſufficient nouriſhment. 

As Dr. Keill obſerved in himſelf a con- 
ſiderable latitude of degrees of healthy per- 
ſpiration, from a pound and half to 3 pounds; 
I have alſo obſerved, a healthy latitude of 
perſpiration in this Sun- flower, from ſixteen. 
to twenty eight ounces in twelve hours day. 
The more it was watered, the more plenti- 
fully it perſpired, (ceteris paribus) and with 
ſcanty mn the Perſpiration mack . 


EXPERIMENT. II. bates, 


| From Fuly 3d. to Ang. 2 12 2 al 
for 


\ ” 


Manila Staticks,. == 
for. nine ſeveral. mornings and evenings a 
bage plant, which grew in 
a garden pot, and Was prepared with a leaden 


middle ſized: C. 
cover as the Sunflower, Exper. 1. Its 


pound 9 ounces; its middle perſpiration x 


pound 3 ounces, = 32 cubick inches. Its 


ſurface 2736 ſquare inches, or 19 ſquare feet. 


Whence dividing, the 32 cubick inches by 
2736 ſquare inches, it will be found that 
a little more than the x TT: of an inch erh 


perſpires off its ſurface in 12 hours day. 


The area of the middle of the Cabbage 
ſtem is 4 of 4 ſquare inch; hence the ve- 


locity of * ſap in the ſtem, is to the ve- 


locity of the perſpiring ſap, on the ſurface 


of. the leaves, as 2736: 152: : 4268 ; 1 
2736 XK 156 


for 24 265. But if: an allow- 


100 


ance is to be made for the ſolid parts of the 
ſtem, (by which the paſſage is narrowed) the 


velocity will be proportionably increaſed. . 
The length of all-its roots 470 feet, their 


periphery at a medium . of an inch, hence 
their area will be 256 ſquare inches nearly; 
which being ſo ſmall, in proportion to the 
area Sf the. leaves, the * muſt go with 
near 
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greateſt perſpiration. in 12 hours day was 1 
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of earth two feet clameres, mar is 2. 1 eu 


7 


near eleven times the ven thro” TY a a 


face of the root 


face of the leaves. . 8 
5 And eee che roots "oy medium at 2 


bick feet of cat . . 7 
By comparing thy ſurfaces of Wet roots of 


plants, with the ſurface of the ſame plant 


planted ſhortened roots occupy ; and on ac- 


above ground, ve fee the neceſſity of eut- 


ting off many branches, from a tranſplanted 
tree: for if 256 ſquare inches of root in 
ſurface was neceſſary to maintain this Cab- 
bage in a healthy natural ſtate: fuppoſe upon 
digging it up, in order to tranſplant, half the 
roots be cut off (which is the caſe of moſt 
young tranſplanted trees) then it's plain, that 
but half the uſual nouriſhment can be car- 
ricd up, through the roots, on tha at account 3 
and a very much leſs proportion on account 
of the ſmall hemiſphere of carth, the new 


count of the looſe poſition of the new turn- 
ed carth, which touches the roots at firſt 


but in few points. This (as well as ex- 


perience) ſtrongly evinces the great neceſ- 


fity'of well Watering new plantations. 
ny n 31 * | Which 


of a 


Co 


for the kilful and ingenious Mr. Philip | 


Miller, Gardiner of the Botanick garden at 


— — in his very uſeful Gardiners: and 


Floriſts Dictionary, ſays, That he has often 
“ ſeen trees, that have had too much water 
40 given them after planting, which has rotted 


all the young fibres, as faſt as they have 
been puſhed out; and ſo many times has 
< killed the tree.” Supplement Vol. II. of 
planting. And I obſerved, that the dwarf 
——— whoſe root was ſet in water, in 


Lxper. 7. decreaſed very r much daily in the 
quantity imbibed; vir. becauſe the ſap veſ- 


ſels of the roots, like thoſe of the cut off 
boughs, in the ſame experiment, were ſo 


ſaturated and clogged with moiſture, by ſtand- 


ing in water, that moe ü c ed tir be 


drawn * to — the leaves. 


Ex AIAMZUr m. 


From July 28. to Log. 2 25. 1 weighed for 
twelve ſeveral mornings and evenings, a 
thriving Vine growing in a pot; I was fur- 
niſhed, with this and other trees, from his 
_Myjeſty's * at Hampton. court, by the 


C _ favour 


265 8 bi. . 8 - 
- r ob 


hours day, was 6 ounc 


_fayour of the, eminent Mr 


= to g cubick inches. 


inches r LA. ſquare, feet 


= 5 — Sta ucks 


vine was prepared: with NY yp the 3 
flower was. Its greateſt perſpir: 


tion in 12 4 
ces mr det. Its 
middle perſpiration. 5, ounces. | 


1H. 


The ſurface of i its leaves. Was 150 Quare 


inches; whence dividing 94 cubi 
by the area of the leaves, it is found that 
151 part of an inch depth, eie; 0 in 
12 hours day. 5 
i The area of a rranſverſe cut of its tem, 
was equal to +. of a ſquare inch : hence the 
ſap's velocity here to its velocity on the ſar- 
face of the leaves, will be as 1820 X 4 = 
7280: 1. Then the real velocity of the ſapꝰs 
motion in the ſtem is = = ig. 8.3 8 inches 
in twelve hours. 
This is ſuppoſing the ſtem to be a hollow 
tube: but by drying a large vine branch (in 


the chimney corner) which I cut off, in the 


bleeding ſeaſon, I found the ſolid parts were 
2 of the ſtem; hence the cavity thro” whicl 
the ſap paſſes, being ſo much nartowed, its 


5 velocity will be 4 times: as great, Vis, 152 


inches in 12 hours. | 
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for 12 ſeveral mornings and cycnings, a p. 


— Shas 


eil But it is further to be aden that if 
the ſap moves in the form of vapor and : 


en being: thereby rarified, its Oe 


— of che ſpaces, whith the fame 9 | 


tity of water and vapor would occupy : 
And if the vapor is ſuppoſed to occupy 10 
times the ſpace which it did, when in the 


form of water, then it muſt move 10 times 


faſter ; ſo that the ſame quantity or weight 
of each may paſs in the ſame time, thro! 
the ſame bore or tube: And ſuch allow- 
ance ought to be made in all theſe calcu- 
lations concerning the motion of the {ap in 


| we 
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Ho” July 29. to Ag 25. 1 TT] 


radiſe flock Apple-tree, which grew ina 
1 covered with lead, as the Sun - 
flower: it had not a huſnhy head full of leaves, 


but chin ſpread, being in all but 163 leaves; 
whoſt ſurface was equal to 1589 ſquare 


inches, or 11 ſquare feet 4- 5 quare inches, 
1a A quantity it ** in 12 
C2 hours 


zb day, was 11 ounces; its midd ere. 
_ 9 otinces, or 15+ cubick inches. N. 
- The 15 cubick inches perſpired, divid- 
ed by the ſurface 1589 ſquare inches, gives 
the depth perſpired off the turlicel in 12 hours 
| ny os 12 of an inch. „„ 
The area of a tranfrerfer cut of i its ſtem, Zof 
an inch ſquare, whence the ſapꝰs velocity 
here, will be to its velocity on the ſurface 
| ATR leaves as mand * en beer A. [f:: 


"pb 4 'J 
4 9 1&4 Þc* < * * * {3 4 ＋ if 


erna vr. v. . 5 | 


* ; 


Tibia 170055 ith to TRE 25 1 weighed fi for 
10 ſeveral mornings and evenings à very 
_ thriving Limon. tree, which grew in a gar- 

den pot, and was covered as above: Its great- 

eſt perſpiration in 12 hours day was 8 ounces, 
its middle perſpiration 6 ounces, equal t to 
_ 203 cubick inches. In the night it pęrſpired 
ſometimes half an ounce, . ſometimes. no- 
thing, and ſomctimes/increaſed/ 1 or . 
ces in weight, by large dew or rain. 

The ſurface of its leaves was 2557 
Shar inches, or 17 ſquare - fect. ＋ 39 
ſquare inches 3 dividing then the 104 cabick 
13 s perſpiced by this ſurface, gives the 
935 „ r 
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of a an inch" Ma 
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£ Os 29 in a man, in ua dy 
| I and a night. he RE 
on ee | 77x 1h a Subtlower, 
so the ſeyerabfore. T'ih à day and night. 
Selng petipftations in a cabbage, f int * 
in equal areas are, Jihours dap. 
ee ee 6: ie apple-tree; 
| E Di / 4.3 in L hours day. . 
Ai 1 er in a. de 
*M beg e 4 i. tbe in x 52 hours day. 
The area of ths uchiſpetie cut of the fi | 
of is Lida eres” was =" 1-33 "on 
_ fquare- inch; hence | ps velocity here, 
Will be to i its er : _ v UE ſurface of . 
ieee "Tc nee 
poſi: 8 thipholE fen o be erben 
the ſtem and the leaves, in prope 
0 N hows the _—y Are beg by 
the ſolic parts. * en nn 
By com ting the very-ditf ent degrees 
perſpiration; in cheſe 5 plants and tre 
150 


we may obſerve, n n which: 
is an ever- green, perſpires much leſs than the 
Sunflower, or than the Vine or the Apple- tree, 
whole leaves fall off in the winter; and as 
they perſpire leſs, ſo ate they the better able 
to ſurvive the winter's cold, becauſe theß 
want proportionably but a very ſmall ſup- 
ply of freſh nouriſhment to ſupport them: 
Like the exangueous tribe of animals, frogs, | 
toads, tortoiſes, ſerpents, inſects, &c. which 
as they perſpire little; ſo do they live the 
whole winter without food. And this I 
find holds trut in 13 other different ſorts 
of ever· greens, on which I have made * 
5 Periments. Lee 
The above 3 Mr. Miller. 91 
the like experiments in the Botanick-gar- 
den a at Chelſea, on a plantain-tree, an aloe, 
and a paradiſc apple-tree ; which he weigh- - 
ed morning, noon , and night, for ſeve- 
ral ſucceſſive days. I ſhall here inſert the di- 
atics of them, as he communicated them to 
me, that the influence of the different tem- 
peratures of the air, on the peciphpacion. « 
,- theſe plants, may the better be ſeen. + 
The pots which he made uſe of were 
glazed, and had no holesi in their bottome; as 
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| Pendle Sravets.” | 
garden pots uſually haves; ”Y ana all the 
moiſture, Which was wanting in them upon 5 
weighing; muſt neceſſarily be imbibed, by 
the toors of thoſe plants, ow Hons; wu 
ſpited off chro? their leaves. , 1 fo J * 4 
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4 diary. of. tbe. per/piratiqu of the Muſa Art 
bor, ar Plantain-tret of the Weſt- Indies. 
The whole. ſurface of the plant war 14 
 Jquare cet,” 8 +> * inches. | The dfft- 

" deorees of heat of the air, are tore 
i noted i by. the degrees. above the freezing 
e * pF heron. 0 7 Ppt a0 | 
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We may ae: from chis iter, — 
this plant, when in the ſtove, wee per- 
| fired more in 6 hours before n 100n | 


m leſs in a he eight IP in teh day time: 
And ſometimes increaſed in weight in the 
night, — imbib __ a moiſture” of” the 
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perſpiration was; for on ſeveral other 2 5 
it was much leſs F | 


4 diary of the: Aloe Abe Cauletcens 
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2 5 che: ay 
om. Upon making an eſti- 


intity petſpired off a ſquare 4 
t, in 12 hours day, it comes - i 


but to =, of 2 -cubick inch; on the | 


18th day of May, when by far its greateſt 


Foliis mee, maculis ab utraque parte Al. 

850 ucantibus notatis, Commelini hort. £101 
commonly called the Carolina Aloe. It 

was 4 large plant of its kind. It flood 
in a glaſi-caſe, which 17 4 South Mm 
without @ mo 7 
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diary mY — todelelenielan 
> wprighr fiem 4 feet hig and #wo final 
» dateral branches ghout 3 inches long. This 
plant ftood under a Wn wood which” 
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Mr. A, took ü up 


Cober 1725. 


an African Briony-root, which when cleared 
from the möuld weighed 8 pound # ounce; 
he laid it on a ſhelf in the ſtove, Where 

ir remainedeill che March following ; when | 


it had loft of its 
0G . 
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two were one oſ them 1 inches the other 
9 inches, in length: Theſe all produced 
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curately to obſerve. what water it would 
imbibe, and perſpire by light and day, in 


wet or dry weather) I cemented at 7 a plant 


of it n, into the inverted ſyphon 17 x b 
(Fig. 2.) the ſyphon was 4 inch A 4 & 


but larger 7944 


1 filled it full of watcr, hes i imbib⸗ | 
ed the water ſo as to make it fall in the 


day, (in March) near an inch and half f 
6 to t, and in the night 4 inch from 7? to i: 


| but one night, when it was ſo cold, as to 
make the Thermometer fink to the freezing | 
point, then the mint imbibed nothing, but 
bange down its head; as did alſo the young | 
N in the n their a0 being great · 

1 is 
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p 11 * yy » 


wo * 


two of d — ch: — | | 


fair large leaves, it had loſt 14 ounce in 
weight, and in three weeks more it loſt 
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I-cpardedied 17 680. In a rainy ue 
mint imbibed very little. 
I purſued this Experiment no ates; Dr. 

Woodward having long ſince, from ſeveral 
curious experiments and obſervations; given 
an account in the Philoſophical Tranſactions, 
of the . e ns 4 eb d, für 
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tree, which weighed 71 pounds 8 ounces 3 
I ſet its root in a e e of was 
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hours day, wy | perpced at the — 
x5 pounds' 8 ounces. ail et en 21 10 
In July and e I cut off ſev ral 
ee of Apple trees, Pear, Cherry, an 
Apricock- trees, two of a fort; they were of 
ſeveral ſizes from 3 to s feet long, with pro- 
portional lateral branches; and the tranſverſe 
cut of the largeſt part of their ſtems n. 
bent an inch diamete . 
I ſtripped the leaves of f one bote 
each. ſort, and then ſet their: ſtems in ſepa- 


rate 2 1 in known r e 
o ee N e 


Ws 


— ago =o» Sire Me 
- * * * 


82 ö 
* 
5 . 
1 
+; 
EY 1 
2 5 
By 
- 55 {2 7 
- by 
— 4 , 
. 
_ 
o * 
1 
$3 , . 
Ly * 
„ . 
. 
94 
r 
E by . 
* * - 
Sy : . 
* . 
vj 4 
+ BY „* 
6 - + 4 
* ZY 
24 ** i ” 8 
1 a 
44 
5 14 G 
1 38 * % 
N 6 
þ 2 
ty " 
| 1 
1 } : 
1 **Y 
' 1 
k 4 
1 
* 
3 
4 14 / 
, - 
St i 
1 
1 
0 ' 
1 
97 « 
f 2 
1 
1 
5 8 


: « 
| 


wor! 4 
* „ 


— 
4 ay,» 
- 


— 


9 ——— 


1 
* — 
7 L 


— ,, A ec ON 


— 
— 
- ——ͤ —— ͤu˙àg — —— — 
- 5 1 — I IF... 
v2 - * N * 
nt RES 8 : * > . 
L * . — 


— PR < 2 | : 8 — 

3 $i! oh — 2 & 

. „ — «8 _ 
—— — er — 


— 


* 22 
— 


- — . 
4 8 * e 9 © "ROY es ak 388 roy ? 9 
=- — 0 * 7 * 8 * 
* * 4 * 1 — Ghats ad - 24 » we a - [6.24 * , _ . of by 
. 4 Y ö TOR — — —— —„—-— a 3 3 
| N . —Y% 23 — 4 
; * 
= 8 ; 
* 
. 
* 
4 
1 
: . 
„ 
% £4 9 
* - 1 x 
Os. 
, 
= $: 8 
* 
. 
* 
. 
* 
e 1 * EE — „ — a 
* 


lin Sealy : 


„ 
— 
. * 
. 
e * 
: i; 
, 32 
L * 
i * 
. : 
— 
” 
„ 
- * * \ Py . 
8 1 "Hil: {$41 at f 
SOT len“ 
Fe _— ; 
—x 


L 


Hon ater 


c 
ES. ** — 


c 
* — 


CEE 


ET VT ny 


„The ee with ee them im. 


bibed ſome 15 ounces, ſome 20 outices, 


0 


25 or zo ounces in 12 hours day „ more Or 1 


leſs in proportion to the quantity of leave 
they had; and when I weighed them at night 
they were lighter than in the morning. 


ing than in the my 3 ay? having pans 
- ſpired title; ©: 7 


The quantity imbibed by thoſe with leaves 
decreaſed very much every day, the ſap 
veſſels being probably ſhrunk, at the tranſ- 
verſe cut, and too much ſaturate with wa- 


ter, to let any more paſs; ſo that uſually in 


4 or 5 _ . leaves — withered 


much. 
318 
binmrhon-Ock,Ofles Willow, Sallow, Aſpen, 
2urran,Goosberry, and Philbud branches; but 


| none of theſe imbibed ſo much as the fore 


While thoſe without leaves imbibed Sn 
one ounce, and-were heavier in the even- 


een this Gini experimint wich Elm: - 


going, and ſeveral ſorts of opt un | 


much Wi | 
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with two ;uches\ ew, and its 12 . 


2 2 1 8 
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ter it imbibed and N in ne, days 


3. 1 5 2 l 
At the ſame time Leut otr from the aut 


tree another bearing twig of the fame 
length, with 12 leaves on it, but no apple; 
it imbibed in wir fame rheee” 2 1 A of 
an ounce. 


About the ſame time 1 ſet in E 5101 of 
water a ſhort ſtem of the ſame tree, with, 


two large apples on it without leaves; they 


imbibed near 4 ounce in two days. 


So in\this Experiment, the apple and the 
leaves imbibe # ounce ; the leaves a. 
lone near Þ bat the two large apples imbib. 


ed and perſpired but + part ſo much as the 


12 leaves; then onc 1 705 imbibed the ? part 
of what was imbibed by the 12 leaves, there- 
fore two leaves imbibe and perſpire as much 


as one apple; whence their perſpirations 
ſeem to be proportionable to their ſurfaces; 
the ſurface of the apple being neatly equal 


to the ſum of the upper and under rs 
of the two er 

Whencc it is probable, ti the uſe of 

\ hich are placed, jaſt where 

the 


leaves; | ſet the ſtem in @ little viol of wa- 


o 


| bloſſoms, are, in the ſpring, very much ex- 
panded, when the other leaves, on barten 


Muzetable — 3 
he fruit joins to the tree). is to bring nou 
riſhment to the fruit. And accordingy I 
ol ſerve that che leaves, next adj0ining to 


hoats, are but beginning to ſhoot: And 
| hat all peach leaves are pretty large before 
the bloſſom goes off: And that in apples 
and pears the leaves are one third or half 
grown, before the bloſſom blows: S0 pro- 


Vident i is nature in making timely. proviſion | 


for the nouriſhing the yet embrio fruit. 


EXPERIMENT, . 


5 


July 15. I cut off two thriving We f | 


ncar the ground, in a thick ſhady part of 


che garden, the pole ill ſtanding I ſtrip- 
ed the leaves off one of theſe vines, and ſet 
both their ſtems, in known quantities af 
water, in little bottles; that with leaves 
imbibed in 12 hours day 4 Ounces, and \ FI 
without leaves 4 ounce. | 
I took another hop pole with its vines 
on it, and carried it out of the hop ground, 
into a free open expoſure; theſe imbibed 
and e 25 el more & the format 
RS 1 "= in 


the b er #4 the e Rey out- 
ſides of gardens, where moſt expoſed to the 
air, are ſhott and poor, in compariſon of 
thoſe i in the middle of the ground; vis. be- 
cCauſe being much dried, their fibres 2 
- ſooner, and therefore they cannot grow 
kindly as thoſe in the middle of the ground; 
vhich by ſhade are always kept x and 
more ductile. "LED 
Now there being 1000 hills in an acte 
of ere and each hill having three 
poles, and cach pole three vincs , the num- 
ber of, vines will be 9000; each of which 
imbibing 4 ounces, the ſum of all the oun- 
ces, imbibed in an acre in 12 hours day, will 
be 36000 ounces, = 15750000 grains = 
62007 cubick inches or 220 gallons ; which 
divided by 6272640, the number of ſquare 
inches in an acre, it will be found, that the 
quantity of liquor perſpired by all the hop- 
vines, will be equal to * area of liquor, 
as broad as an acre, and = part of an inch 
deep, beſides what. eee from the 
earth. 
And this quantity of moiſture i in a a king- 


iy ſtate of — air is "IO carried off, in 
. a ſuffi- 


of nity — due mixture of dry wea- 
_ _therg' too much moifture hovers about the 
hoge;: 10 a8 to hinder in a good meaſure the 


CE) ee the hops i in 
but in a rainy moiſt ſtate 


piration of the leaves, whereby 


| nnn ſap corrupts, and breeds mol- 
dy fen, Which often ſpoils vaſt quantities 


of flouriſhing hop grounds. This was the caſe 


in the year 1723, when 10 or 14 days als 


moſt continual rains fell, about the latter 


half of July, after 4 months dry weather; up- 


on which the moſt flouriſhing and promiſing 
ps were all infected with mold or fen, 


in their leaves and fruit, while the then 


poor and unpromiſing hops eſcaped, and pro. 


duced plenty; becauſe they being ſmall, did 
not perſpire ſo great # quantity as the others; 
nor did they confine the perſpired vapor, 
ſo much as the large re vines e in - 
their ſhady ehe 3110 03 5 th 


This rain on the then warm Gare ah 


the grafs ſhoot-out, as faſt as if it were in a | 


hot bed; and the apples grew ſo precipitate- 
ly, that they were of a very flaſhy conſtitu- 


tion, ſo as to rot more 3 "than 


had ever been remembred. 
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The 3 obſerve, that when a mold or 


fon has once ſeized any part of the ground, 
it ſoon runs over the Whole; and that the 
graſs and other herbs, under the ee are 


en with it. 


Probably becauſe: the Ginall ſeeds of this | 
quick growing mold, which ſoon come to 
maturity, are blown over the whole ground ; 


Which ſpreading of the ſeed may be the 


reaſon why ſome: grounds are infected with 


fen for ſeveral years ſucceſſively; v;z. from 


the ſeeds of the laſt years fen: Might it not 
then be adviſeable to burn the fenny hop- 


vines as ſoon as the hops are picked, in hopes 


thereby to deſtroy ſome of the ſeed of the 


molq: d 


« Mr. Auſtin of Canterbury ae 0 


to be more fatal to thoſe grounds that 


& are low and ſhelteted, than to the high 


et and Open grounds 3 to thoſe that arc ſhel- 


< vying to the North, than to the ſhelving 


« to the South; to the middle of grounds, 
« than to the outſides; to the dry and 


<-ocntle grounds, than to the moiſt and ſtiff 


« grounds. This was very apparent through. 
out the Plantations, where the land had 


Ce the fame nnn. and help beſtow- 


ka ed 


Pegetable Staticks. 35 
« ed upon it, and was wrought at the ſame 
e time; but if in either of theſe caſes there 
« was a difference, it had a different effect; 
« and the low and gentle grounds, that lay 


< neglected, were then ſeen leſs diſtemper- 
c ed, than the open and moiſt, that were 
e carefully managed and looked after. 


e The honey des are obſerved. to come 


« about the 11 of June, which by the middle 


ce of July turn the leaves black, and make 


« them ſtink. 


I have in July (the ſeaſon for — blaſts, 
as the planters call them) ſeen the vines in 
the middle of a hop - ground all ſcorched 


up almoſt from one end of a large ground 


to the other, when a hot gleam of Sun- 
ſhine has come immediately after a ſhower 
of rain; at which time the vapors are of. 
ten ſcen with the naked eye, but eſpecially 
with reflecting Teleſcopes, to aſcend fo 
plentifully, as to make a clear and diſtin& 
object become immediately very dim and 
tremulous. Nor was there any dry gravel- 
ly vein in the ground, along the courſe of 
this ſcorch... It was therefore probably ow. 
ing to the much greater quantity of ſcorch.. 
ng apart, in the middle than outſides of 
3: the 
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the ground, and that being a denſer theds " 
um, it was much ones than een _ | 
medium. 5 
And perhaps, BR great volume: ub 5 
ing vapor might make the Sun- beams con- 
„ verge a little toward the middle of the ground, 
= that being a denſer medium, and thereby 
| increaſe the heat conſiderably ; for I obſery- 
ed, that the courſe of the ſcorched hops 
was in a line at right angles, to the Sun- 
beams about à 11 a clock, at which time 
the hot gleam was: The hop-ground was 
in a valley which run from South - weſt to 
North. eaſt: And to the beſt of my remem- 
brance, there was then but little wind, and 
that in the courſe of the ſrorch; but had 
there been ſome other gentle wind, either 
North or South, tis not improbable but 
that the North wind gently blowing the 
Volume of tiſing wreak on the South ſide 
of the ground, that ſide might have been 
moſt ſcorched; and ſo vice verſs, — 
As to particular fire-blaſts, which ſcorch 
here and there a few hop- vines, or one or 
two branches of a tree, without damaging, | 
the next adjoining z what Aſtronomers ob- 1 
ny, may hint to us a no very improbable 
| = cauſe =: 
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5 vel Was, 85 37 
| caule of it; Vis. They frequently dbleive 


| (eſpecially with the reflecting | Teleſcopes) 


mali ſeparate Portions of pellucid vapors. 


floating ia the air; which the got. viſible to 


the naked eye, are yet conſiderably denſer a 
chan the circumambient air: And yapors of 
ſuch a degree of denſity may very probæ- 
bly, eitker acquire ſack a ſcalding heat from 
the Sun, as will ſcorch What plants they 
touch, eſpecially the more tender: An effect, 
which the gardiners about London have too 
_ often found to their coſt, when they have 
incautioufly put bell. glaſſes over their Colly- 


flowers, early in a froſty morning, before 
the dew was evaporated off them; which 


de being raiſed by the Sun's warmth, and 


confined within the glaſs, did there form a 
denſe tranſparent ſcalding vapor, which burnt 
and killed the plants. Or perhaps, the up- 


per or lower furface of theſe tranſparent ſe- 


parate flying volumes of vapors may, among 
the many forms they revolve into, ſometimes 
approach ſo near to a hemiſphere, ot hemi- 
cylinder, as thereby to make the Sun-beams 
"converge enough, often to ſcorch the more 
tender plants they Mall fall on: And ſome- 
times alſo, parts of the more hardy plants 
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.9œ—2k2kx—— —ꝛẍ [ G;. — - — — — 1 - FR 
l — —— 


5 k 
1 ON 
2 ? ® 8 9 4 un > 
* * — 3 . Wea - . LAY * 4 Ar. * » + " > Of CI 1 « Fo 8 p ST 
8 2 83 . - 6.0 422 i w_ — . 2 2 3 
* . & - » 1 2 — — 

2 * 255 n „ "Ip r iS 2 

4 _—_ 8 oO 14 * pt wh * A 

— n R i.e © 


—— — — 


9-1 


3 5 ages le 8 yaticls. 


and trees, in proportion to the greater or 
leſs convergency of the Sun's rays.  _ 


The learned Boerhaave, in his Theory. = 


Chemiſtry, p. 245. obſerves, *© That thoſe 


e 


“ white clouds which appear in ſummer- 


time, are as it were ſo many mirrours, 


and occaſion exceſſive heat. Theſe cloudy | 
mirrours are ſometimes round, ſome- 


times concave, polygonous, & c. when 
the face of heaven is covered with ſuch 
white clouds, the Sun ſhining among 
them, muſt of neceſſity produce à vehe- 


ment heat; ſince many of his rays, which 
would otherwiſe, perhaps, never touch 


our earth, are hereby reflected to us; thus 


if the Sun be on one ſide, and the clouds 


on the oppoſite one, they will be per- 


fect burning glaſſes. And hence * phz- 
nomena of thunder. 


« I have ſometimes (continues he) ob- 
ſery ed a kind of hollow clouds, full of 


| hail and ſnow , during the continuance 


of which the heat was extreme; ſince by 
ſuch condenſation they were enabled to 
reflect much more ſtrongly. After this 


came a ſharp cold, and then the clouds 
— their Malt: in great quantity; 


to 
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ce to avhich ſucceeded a. moderate watmth. 

ce Frozen concave clouds therefore, by their 

& great reflections, produce a vigorous heat, 

*, and the ſame when reſolved exceſſive 5 

60 cold. e 

Whence we ſee thas: blaſts may Wo occa- 
fioned by the reflections of the clouds, as 


well as by the above mentioned refraction = 


of denſe. tranſparent. vapors. 

July 21. I obſerved that at that ſeaſon 
the top of the Sunflower being tender, and 
the flower near beginning to blow, that if 
the Sun riſe clear the flower faces towards 
the Eaſt, and the Sun continuing to ſhine, 
at noon, it faces to the South, and at 6 in 
the evening to the Weſt: And this not 
by turning round with the Sun, but by nu- 
tation; the cauſe. of which is, that the ſide 
of the ſtem next the Sun. perſpiring moſt, it 
ſhrinks, and this plant perſpires much. 

I have obſerved the ſame in the tops of 
Teruſalem- artichokes and of garden - b - beans. 
in very hot Sun-ſhine, 


ExparIMENT X. 


Jul 27. 1 fixed an Apple- branch m, 
D 4. 7 Ps 


A x — 
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feet long * inch diameter, full of leaves, 


and ET ſhoots to the tube r, 7 feet 


long L diameter. {Fig. 3.) I filled the tube 
with water, and then immerſed the whole 


branch as far as over the lower end of the 


tube, into the veſſel uw full of water. 
The water ſubſided 6 inches the firſt 


two hours (being the firſt filling of the 


ſap veſſels) and 6 inches the following night; 
4 inches the next TAS and 2 55 x1 he . 
160508 night, 

The third a" in the — 1 Foul 
the branch out of the water; and hung 
it with the Tube affixed to it in the open 
air; it imbibed this day uy +3 2 n in 
12 ass 

This Experiment ewe the Ser bewer 
of perſpiration ; ſince when the branch 


was immerſed in the veſſel of water, the 
7 feet column of water in the tube, above 


the ſurface of the water, could drive very 


little thro the leaves, till the BID: bong 


cxpoſed to the open air. 5 
Ihis alſo proves, that the ceriphring: mat- 
ter of trees is rather actuated by warmth, 


and ſo exhaled , than protruded PE 5 


rc 8 fap ones ks] LOSS, UN... 


* 


e in chem is i neren Kew of | 
3 force of the blobd; büt thlen 
often leaſt of all, as in feverss — LL 

I have fixed many other branches in the 
fun manner to long tubes „ without: 8 8 
merſing them in water; which tubes, being 5 
filled with water, I could ic preciſely, ”_ = 
the deſcent of the water in the tube: . how 25 
faſt it perſpired off ; and how very little per- 2 3 5 
ſpired in a rainy day, or when there wert 
no leaves on the branches. 0 e 3; ein, 
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Aug. 17. At * a: un, 1 | ka to 5 8 
the tube 2 6 (Fig. #.) 9 feet long, and inch * = 5 
diameter an gcpple-branthb d 5 bert ions; Eo 
inck diameter; Ipourcd warer/imd the tube, 5 8 
which it imbibed plentifully, at tlie rate E . 

3 feet length of the tube in an Hur. At 1 | 


* 


A 


1 I cut off the branch at b, 13 inches F = > 5 = 
below the glaſs-rabe. © To” the bottom . 
the remaining ſtem I tyed a glas ciſtern = 1 


* 


covered with or gut, to kee r arty of 5 


reaporatig, Ar the fame! rime x gen oY 5 ' y 5 
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branch 4r which I had cut off in a known 
quantity of water, in the veſſel æ, (Fig. 5.) 
| the branchin the veſſel x imbibed 18 oun- 
ces of water, in 28 hours day and 12 hours 
MM night; in which time only 6 ounces of wa- 
5 ter had paſſed. thro the ſtem c 6 (Fig. 4.) 
| which had a column of water 7 feet high, 
| preſſing upon it all the tige. 
1 his again ſhews the great power of pet⸗ 
| ſpiration ; to draw three times more water, 
| In the ſame time, thro the long lender 
— parts of the branch 7 (Fig. 5.) than was 
preſſed thro a larger ſtem c & (Fig. 4.) of the 
ſame branch; but 13 inches long with 7 | 
feet preſſure of water upon it, in the tube ab. il, 
I tryed in the ſame manner another ap- 
ple-branch, which in 8 hours day imbibed 
20 ounces, while anly 8 ounces paſſed thro' 
the ſtem c, Gig: 4. ) which had the column 
of water on it. 
The fame 1 ad with a quince 8 
which in 4 hours day imbibed 2 ounces * 
5, While but 3 ounce paſſed thro the ſtem 
c (Fig. 4.) which had 9 feet e of wa- 
ter preſſing on it. 
Note, All theſe (under this een 
11.) were made the firſt day, before the 
| : 1 ſtem 
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ſtem could be any thing ſaturate with wa- 
ter, or the ſap- veſſels ſhrunk. ſo as to hin- 


der its 0 . 


. EXPERIMENT XII. 


I cut off from a dwarf Apple-tre « e wthe 
| top of the branch /, (Fig. 6.) which was an 


inch diameter, and fixed to the ſtem /, the 


glaſs-tube / 6: then I poured water into 
the tube, which the branch would imbibe, 


ſo as to drink down 2 or 3 pints in aday, 


eſpecially if I ſucked with my mouth at 


the top of the tube 5, ſo as that a few air 
bubbles were drawn out of the ſtem /; then 
the water was imbibed ſo faſt, that if I im- 
mediately ſcrewed on the mercurial gage, 
mr y x, the mercury would be drawn up 
to r, 12 inches higher than in the other 

1 e 


fixed to a golden Renate: tree, a quart of 
high rectified ſpirit of wine, camphorated, 
which quantity the ſtem imbibed in 3 hours 
ſpace ; this killed one half of the tree : this I 
did to try if I could give a flavour of cam- 
Pare to the apples which were in great 

| plenty 


At another time I pcured into the tube 7, 
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| plenty on the branch. I could not perceive 


any alteration in the taſte of the apples, tho' 
they hung ſeveral weeks after; but the ſmell 


of the camphire was very ſtrong in the 
| ſtalks of the leaves, and in every part of the 


dead branch. 
I made the ſame experiment on a vine, 


With ſtrongly ſcented orange flower water; 5 
the event was the ſame, it did not penetrate 
into the grapes, but very ſenſibly 1 into un | 


wood and ftalks of the leaves. 


I repeated the ſame experiment Gy two 


diſtant branches of a large Catharine pear- 


tree, with ſtrong Gees Aton of ſaſſafras, 
and of elder flowers, about 30 days before 
the pears were ripe; but I could not per- 


ceive any taſte of the decoQions in the pears. 


Tho' in all theſe cafes the fap-veſels of 
the ſtem were ſtrongly impregnated - with 
a a good quantity of theſe liquors; yet the 
capillary ſap · veſſels near the fruit were ſo 


fine, that they changed the texture of, and 


aſſimilated to their own ſubſtance thoſe high 
raſted and perfumed liquors; in the amc 
manner as graffs and buds change the very 


different ſap of the ſtock to that. of them 
own * nature. 0. 
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This experiment may ſafely be repeated 
vin well ſcented and perfunted common 
water, which trees will imbibe at / / withous 
any 2 of killing them. 


« +4 


Exynnrmgant XIII 5 


'In anda to try keen the capillary 95 
veſſels had any power to protrude ſap out 
at their extremities, and in what quantity, I 

made the three following experiments, vis. 
In Auguſt I took a cylinder of an apple- 
branch, 12 inches long 3 diameter: [I ſet it 
with its great end downwards in a mint glaſs, 
(full of water) tyed over with ox-· gut. The 
top of the ſtick was moiſt for 10 days, while 
another ſtick of the ſame branch (but out 
of water) was very dry. It evaporated an 
ounce of water in n 10 INE 2 


ExexnIMENT XIV. 


"bo Sept. I fx'd. a tube U (Fig a 7 Gon 
long; to a like ſtem /, as the former, and 
ſet the ſtem in water x, to fry if, as the wa- 
ter evaporated out of the top of the ſtem , 


it would riſe to any height in the tube 7 ; but 
| it 


Vegetable Hunnen k. 


it did not riſe at all in the tube, tho the 

top of the ſtem was wet: I then filled the 
tube with water, but it Tn Oy into 
the veſſel x. = #28 


EXPERIMENT XV. 


Sept. 10. 2 +1 feet from the ground, I 
cut off the top of a half ſtandard Due Cherry- 
tree againſt a wall, and cemented on it the 
neck of a Florence flask J, (Fig. g.) and to 
that flask neck a narrow tube g, 5 fect 
long, in order to catch any moiſture that 
ſhould ariſe out of the trunk y; but none 
aroſe in 4 hours, Og: a little e that 
was on the flask's neck. 2 Te 
I then dug up the tree by the roots; and 5 
ſet the root in water, with the glaſſes affixed 
to the top of the ſtem; after ſeveral hours 
nothing roſe but a little dew, which hung 
on the inſide of f; yet it is certain by many 
of the foregoing experiments, that if the 
top and leaves of this tree had been on, 
many ounces of water, would in this time 
have paſſed thro the trunk, and: _—_ eva- 
porated thro the leaves. eee t 


1 have 


—— Seavols, 47 
1 have tryed the ſame experiment with 
ſeveral vine branches cut off, and ſet in 
water thus, but no water roſe into f. 

| Theſe three laſt experiments all ſhew, tha: 
tho' the capillary ſap veſſels imbibe moiſture 


plentifully yet they have little power to 
protrude it farther, without the aſſiſtance of 


the perſpiring leaves, which do an en me 
mote its n „ e 01 | ? 


. . Exrzxi uRNT XVI. 


In order to try whether any ſap roſe in 
the winter, I took in January ſeveral par- 


cels of Filberd- ſuckers, Vine · branches, green 


Jeſſamine- branches, Philarea and Laurel- bran · 


ches, with their leaves on them, and dip- 


ped their tranſverſe cuts in melted cement, . 
to prevent any 'moiſture's evaporating tho 
the wounds; I-tyed them in ſeparate bug: ; 


dles and weighed them. | 
The Philberd-ſuckers deareated in 8 an 
(ſome: part of which were very wet, but 


the laſt 3 or 4 days drying pls the I xth. : 


bar ae their whole weight. | 
The vine cutting in * dame time binn 
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The Lauter mne: part in 5 days 692 more. 


Here is a conſidlerable daily waſte of ſap, 


which muſt therefore neceſfarily: be ſupplied 
from the root ; whence it is plain that fome 
flap riſes all the winter, to ſupply this conti- 


nual waſte, tho in 1 leſs CAREY than | 


1 ſummer. 


Hence we cc _ reaſon” why th the. Cit X, . 


pw and the Cedar of Libanus, which W rethe 
fat on an Engliſb. oak, the other on the Larix) 


- were verdant all the winter, notwithſtand. 


ing the oak and Larix leaves were decayed 


nnd fallen off; for tho when the winter 


ename on, there did not ſap enough riſe to 
$ maintain the Oak and Larix leaves, yet by 
this preſent experiment we ſee, that ſome 


Fop is continually riſing all the winter; and 
.ime-tree, and 


by experiment the 5th on the? 
by ſeveral other the like experiments, on 
many ſorts of ever-greens, we find that they 


perſpiring little, live and thrive with little 


aouriſhment; the Ilex and Cedar might 
well therefore continue green all the win- 


| its notwithſtanding the leaves of the trees 
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they were grufted on fell off. See the cu. 
rious and induſtrious Mr. Fairchild aecourit 


of theſe graftitigs in Mr. Miller's, Gardi. 4 
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gag by N evident pieh in he 
foregoing experiments ſeen the great quan- 
tities of liquôr that were imbibed and per- 
ſpited by trees, I was deſirous to try if I could 


get any of this perſpiring matter; and in = 


cles: to it; I took ſeveral (glaſs chymical 

retorts, ö 4 þ (Fig. 9.) and put the boughs 
of ſeveral ſorts of trees, as they were grow. 
ing with their leaves on, into the retorts, 
ſtoping up the mouth p of the retorts with . 
bladder. By this means I got ſeveral ounces. 

of the : perſpiring matter of Vines, Fig- trees, 
Apple-trees,Chetry-trees, Apricot and Peach - 

trees; Rue, Horſe-radiſh, Rheubarb, Parſnip, N 
and Cabbage leaves: the liquor of all of 
them was very clear, nor could 1 diſcover 
any different taſte in the ſeveral liquors: 
But if the retort ſtannd expoſed to the hot 


ſun, the 2705 will taſte of the N en 


30 o Voegerable Haaticls. 
; ſame” with that of common water; nor 
did I find many air bubbles in it, when placed 
in the exhauſted receiver, which I expected 
to have found; but when reſerved in open 
viols, it ſtinks ſooner than common water; 
an argument that it is not pure water, but has 
ſome heterogeneous mixtures with it. 
by put alſo a large Sun-flower full blown, 
and as it was growing, into the head of 2 
glaſs-ſtil], and put its roſtrum into a bottle, 
by which means there diſtilled a good quan- 
1 tity of liquor into the bottle. It will be 
very caly in the fame manner to colle& the 
perſpirations of ſweet ſcented Flowers, tho 
the liquor will not long retain its grateful 
odor, but ſtink in few days. 
This experiment would 4 very proper 
to begin the learned Boerhaave's clear and 
very rational chymical proceſſes with, as be. 
ing a degree more ſimple. than his firſt pro. 
ceſs; the diſtillation in a cold ſtill: For this 
18 undiſturbed nature's own method of diſtil 
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ſture nature had provided i in the earth; Aa 

gainſt the dry ſummer ſeaſon,) that might 
anſwer: this great expence of it, Which is ſo 
neceſſary yon: the en and ſupport of 

vegetables. 5 

Jah 31. 1724. 1 dug up a ns foot of 
earth in an alley, which was very little tram- 
pled on; it weighed. (after deducting the 
weight of the containing veſſel) 104 pounds 
+ 4 ounces. + 4. A cubick foot of water 
weighs 59 ＋ 2 23 which i is little more than half 
the ſpecifick gravity of carth. This was a 
dry ſeaſon, with a mixture of ſome few ſhows 
ers, ſo that the gab adjoyning was not 
burnt up. Lo 

At the fame time 1 dug up another cu: 
bick foot of carth, from the bottom of the 
former, it weighed 106 pound + £ ounces; 
+4., 

24 dug oi alfo 4 third cubick foot of earth 
at the bottom of the two former; it weighed 
III pounds E. 5 

Theſe three feet depth were 4 good brick 
earth, next to which was gravel, in which 
at 2 feet depth, vis. 5 feet below the ſur: 
face of the earth, the ſprings did then run. 

"me the firſt cubick foot of carth was N 
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ſo dry and duſty, as to be "unfit for vegeta- 


which the Plant would periſh, if ther 
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tion I weighed it, and found it had loſt 
6 pound þ 3 11 ounces, or 194 cubick in- 
ches of water, near 4 part of its bulk. 
Some days after, the ſecond cubick foot 
being dryer than either the firſt or ure, was 
decreaſed in weight ro pounds. 

The third cubick foot, being very 47 b and 
duſty, had loſt 8 > mars ＋ 8 ounces, or 247 
cubick inches, vis. I part of its bulk, 

Now ſuppofing he roots of the Sen Böer 
(the longeſt of which reached 15 inches 


every way from the ſtem) to occupy and 
draw nouriſhment from 4 cubick feet of 


earth, and ſuppoſe each cubick foot of earth 
to afford 7 pounds of moiſture, before it be 


too dry for vegetation; the Plant imbibing 
and perſpiring 22 ounces evety 24 hours, that 


will be 28 pounds of water, which will be 
drawn off in 21 days and 6 hours; after 
ere were 


not freſh ſupplies to theſe 4 cubick feet of 
carth, either from dew or moiſture arifing 
from below 15 inches (the depth of the 
roots) up into the carthe _— by the 
roots. | 


Fe fs — „ 5 


1 os 
= 

4 

Ex- 

1 


OG WON TENN © 


oh FS Fs FF? Ws: iP 


— 


ca Vs 


Gays. near 


Lama St RS. 


3 3 | 
wy” ? 
* 
5 — 8 1 
* " 
* * 


\BxepnInENT X.. 


4 e to find out * quan tity FS" : 
that fell in the night, Aug. 15. at 7. p. yall 1 
choſe two glazed earthen Pans, which were | 


three inches deep, and 12 inches diameter in 


ſurface; 3 J filled them with pretty moiſt earth 
taken off the ſurface of the earth; they in- 
creaſed. in weight by the night's dew 180 
grains, and decreaſed in weight by the evapo- | 
ration of the day i ounce 2 282 grains. 

N. B. I ſet theſe Pans in other broader 


Pans, to prevent any moiſture from the earth 


ſticking to the bottoms of them. The moi- 
ſter the earth, the more Dew there falls on 
it in a night, and more than a double quan- 
tity of Dew falls on a ſurface of water, than 
there does on an equal ſ ſurface of moiſt earth. 
The evaporation of a ſurface % watcr in 9 
hours winter's dry day is 2 of an inch. 
The eyaporation of a ſurface of Ice, ſet in 
the ſhade during nine hours day, was 1 
So here are 540 grains more evaporated 
from the earth every 24 hours in ſummer, 
than falls i in Dew in the night; that is, in 21 
26 ounces » from a circular area 
WS of 
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of a foot diameter; and circles being a as the 
ſquares of their diameters 10 pounds ＋ 2 
ounces, will in 21 days be evaporated from 
the hemiſphere of 30 inches diameter, which 
the Sunflower's root occupies : Which with 
the 29 pounds drawn off by the Plant in 
the ſame time, makes 39 pounds, that is 9 
pounds and 4 out of every cubick foot of 
earth, the Plant's S roots occupying more than 
4 cubick feet ; but this i is a much greater de- 
gree of dryneſs than the ſurface of the earth 
ever ſuffers for 15 inches depth, even in the 
drycſt ſeaſons in this country. 

In a long dry ſeaſon, therefore, eſpecially 
within the T ropicks, we mult have recourſe 
for ſufficient moiſture {to keep Plants and 
Trees aliye) to the moiſt ſtrata of earth, 
which lay next below that in which the 
| roots N ow moift bodies always com- 
municate of their moiſture to more dry 
adjoyning | bodies; 3 but this ſlow motion of 
the aſcent of moiſture is much accele rated 
by the Sun's heat to conſiderable bk in 
the earth, as is probable from the following 
20th experiment, Lots 

Now 180 grains of Dew falling in one 
pight,* on a eirele of 4 foot diameter, - 
| N dr 
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(0d _ 


5s 


rr 3 ſquare holy theſe 180 grains being 
n ſpread on this * its depth will 


. — found 


be +5 159 , part of an inch = 1135 % 26. 


the depth of Dew-in a winter r night to be the ö 


5 part of an inch; ſo that if we allow 151 
nights for the extent of theſummer's Dew, it 
will in that time ariſe to one inch depth. And 


reckoning the remaining 214 nights, for the 


extent of the winter's Dew, it will produce 
2. 39 inches depth, which makes the Dew 
of Is year n to 3. 39 inches 
depth. | | 
And the quantity which expanded; in a 
fair ſummer's day from the ſame ſurface, 


being t ounce ++ 282 grains, gives # part 


of an inch depth for evaporation, which 
is four times as much as fell at night. * _ 
4 found, by the ſame means, the evapo- 


ration of a winter's day to be nearly the 


ſame as in a ſummer's day; for the carth 
being in winter more ſaturate with moi- 


ſture, that exceſs of moiſture anſwers to othe 


excels. of heat in ſummer. . 


5 Mic. Cruquius Na 2315; of the Philoſo- 
phical Tranſactions, found that 23 inches 


depth evaporated. in a whole year from wa-- 


82 E * e ter, 


— 
—— n — 


— —ä 


Rs 


{i} 
n 
3 

” i 
T7 
2 4 
, E. 
5 1 
1 
5 
in 

þ i 

a 

1 

1 
1 


rn n 
92 na oe — — 


oh w 


_ 5 Bun Siatic ls 


ter, 1. e. £ of an inch each day, at a mean 
rate; * the earth in a ſummexs day evapo- 
rates & of an inch; ſo the cyaporation of 
a furface of water, is to the evaporation of 
a ſurface of earth in ſummer, as 10:3. | 
The quantity of Rain and Dew which 
falls in a year is at a medium 22 inches: 
The quantity of the carth's evaporation in 
a year is at leaſt 9 + 2 inches, ſince that 
is the rate; at which. it evaporates in a:ſum. 
mer's day: From which 9 + 7 inches is to. 
be deducted 3. 39 inches for circulating 
daily Dew; there remains 6. 2 inches, which 
6. 2 inches deducted from the quantity of 
Rain which falls in a year, there remains 
at leaſt 16 inches depth, to repleniſh the 
carth with moiſture for vegetation, e to 
ſupply the Springs and Rivers. 
In the caſe of the hop- ground, the cva- 
poration from the hops may be conſidered 
only for 3 months at * part of an inch 
each day, which will be * of an inch; 
but before we allow 6. 2 inches vapor to eva 
porate from the ſurface of the ground, 
which added to v inch gives, 7. 1 inches, 
which is the utmoſt that can be evaporat- 
66: n n e in a year. 
* So 
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So that of 22 inches 0 of rain, pee? re- 
mains 15 in 
are more or leſs exhauſted, according to 


mes to ſupply ſprings; which 


the dryneſs or wetneſs of the year. Hence 
we find that 22 inches depth of rain in a 
year is ſufficient for all the purpoſes of na- 
ture, in ſuch flat countries as e about 
Teddington near Hampton · court 


42 inches depthiof rain- water; from which 


deducting 7 inches for evaporation, there 


remains 35 inches depth of water for the 


ſprings ; beſides great ſupplies from much 
more plentiful dews; than fall in plain coun- 


tries: Which vaſt ſtores ſeem ſo abundantly 


ſufficient: to anſwer” the great quantity of 
water, which is conveyed away, by ſprings 
and rivers, from thoſe hills, that we need 
not have recourſe, for ſupplics, to the great 
Abyſs, 'whoſe ſurface, at high water, is ſur- 


mounted ſome hundreds of feet by ordi- 


nary hills, and ſome thouſands of feet by 
thoſe vaſt hills, from whence the e and 
Sreateſt xi rivers e enn _ | 
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1 — — me 6 Man: 1 
ſtems were of different lengths, vzz. from 
18 inches to 4 feet. I graduated them all 
by one proportional ſcale, beginning from 
the freezing point; which may well be 
fixed, as the utmoſt boundary of vegetation 
on the ſide of cold, where the work of ve- 
getation ceaſes, the watry vehicle beginning 
then to condenſe and be fixed; tho many 
trees, and ſome plants, as graſs, moſs, c. 
do ſurvive it; yet . do not mn at 
that time. N 
The greateſt dann of as heh Abe; 
ed on my Thermometers, was equal to that 
of water, when heated to the greateſt de- 
gree, that I could bear my hand in it, with. 
out ſtirring it about. A degree of heat, 
which is the middle, between the freezing 
point, and the heat of boiling water, which 
being too great for vegetation, may there- 
fore be fixed, as the utmo boundary of 
vegetation, on the warm ſide; beyond which 
plants will rather fade than vegetate, ſuch 
a degree of heat ſeparating and diſperſing , 
7 _ inſtead 
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inſtead of congregating, and N the nu- 
tritive particles. 
This ſpace I divided into 9e A s « on 


al the Thermometers , beginning tonumber 
from the freezing point. Sixty four of theſe 


degrees is nearly equal to the heat of the 


blood of animals; which I found by the rule 
given in the Philoſophical Tranſactions, Vol. 


II. p. 1. of Mr. Motte's Abridgment, viz. by 
placing one of the Thermometers in water 
heated to the greateſt degree, that I could 


bear my hand in it, ſtirring it about: And 


which I was further aſſured of, by placing 
the ball of my Thermometer in the flow- 
ing blood of an expiring Ox. The heat of 


the blood to that of rg. water is as 14 


Ps to 33. 


By placing the ball of: one of theſe © Ther. 


mometers in my boſom, and under an arm: 


pit, I found the external heat of the body 


5x of theſe degrees. The heat of milk, 
as it comes from the Cow, is 55 degrees, 
which is nearly the ſame with that for 
hatching of eggs. The heat of -utine 58 
degrees. The common temperate point in 


Thermometers is about 18 5 degrees. 15 0 
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The hotteſt, Sun-ſhine in the year 17245 
gave to the Thermometer, expoſed to it, a 
heat equal to that of the blood of animals, 
vi g. 64 degrees: And tho plants endure 
this and a conſiderably greater heat, with- 
in the tropicks, for ſome. hours each day, 
yet the then hanging of the leaves of ma- 
ny of them ſhews that they could not long 
ſubſiſt under it, were they not frequently 
refreſhed by the are evening and 
Bien. 25 3 

The common beta hs in 3 
in July is about 50 degrees: The heat of 
the air in the ſhade in July is at a medium 
38 degrees. The May and Fune heat is, 
from 17 to 30 degrees; the moſt genial 
heat, for the generality of plants, in which 
they flouriſh moſt, and make the greateſt 
progreſs in their growth. The autumnal 
and vernal heat may be reckoned from 10 
ro 20 degrees. The Winter heat from the 
freezing point to 10 degrees. 

The ſcorching heat of; a hot bed of ban 
gung, when too hot for plants, is 75 de- 
grees and more, and hereabout is Proba- 
_ bly the heat ol aeg. . fovers.. FT 


The 
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The due healthy heat of a hot bed of 
horſe-dung, in the fine mold, where the 
roots of thriving Cucumber- plants were, in 
Feb. was 56 degrees, which is nearly the 
boſom heat, and that for harching of eg 
The heat of the air und" 'glaſs-frafl 
of this hot-bed was 34 degrees; ſo bee 
had 26 degrees more heat, than the plants 
above ground. The heat 'of the "PW air 
Was then 7 degrees. 01755 
It is now grown a common and very 
reaſonable practice; to regulate the heat 
of ſtoves and green-houſes, by means of 
Thermometers, hung up in them. And for 


greater accuracy, many have the names of 


ſome of the principal exoticks, written up- 
on their Thermometers, over- againſt, the ſe- 
veral degrees of heat, which are found by 
experience to be propereſt for them. And 
Jam informed that many of the moſt curi- 
rious Gardiners about London have agreed 
to make uſe of Thermometers of this ſort; 
which are made by Mr. John | Fowler in 
Swithins. alley, near the Royal. Exchange; 
which have the names of hl following 
plants, oppoſite to their reſpective moſt kind- 
WO degrees o of heat; which! in * hermome- 
| ters 


I, 
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ters anſwer nearly to the following de- 
grees of heat above the freezing point, vis. 
Melon: thiſtle 3 1, Ananas 29, Piamento 26, 
Euphorbium 24, Cereus 212, Aloe 19, In- 
dian fig 1625 Ficoides e Oranges 8 
8 9. % le, 5 | 
Mr. Boyle, by placing a ee in 
a cave which was cut ſtrait into the .bot- 
tom of a cliff, fronting the Sea, tothe depth 
of 130 feet, found the ſpirit ſtoo d both in 
winter and ſummer at a ſmall diviſion a. 
bove temperate z the cave had 80 feet depth 
of earth above it. Boyles Works, Vol. III. 
P. 54. 2 
ol rig et my. 6. 5 Thermometers. ee 
Iy, I, 2, 3, 4, 5, 6 The Thermometer 
numb. 1. which was e 1 placed with 
a South aſpect, in the open air; the ball 
of numb. 2, I ſet two inches under ground; 
that of numb. 3, four inches under ground, 
numb. 4, 8 inches; numb. 5, 16 inches; and 
numb. 6, 24 inches under ground. And that 
the heat of the earth, at theſe ſeveral depths, | 
may the more accurately be known, it is 
proper to place near each Thermometer a 
glaſs- tube ſealed at both ends, of the ſame 


n with the ſtems of the ſeveral Ther- 
| nometers 3 


bare, Hatiols. 63 
meters and with: tinged ſpirit of wine 
in them, to the ſame height, as in each 
correſponding Thermometer ; the ſcale of 
degrees, of each Thermometer, being mark- 
ed on a fliding ruler, with an index at the 
back of it, pointing to the correſponding 
tube. When at any time an obſervation is 
to be made, by moving the index, to point 
curate allowance is hereby made, for the 
very different degrees of heat and cold, on 
the ſtems of the Thermometers, at all depths; 
by which means the ſcale of degrees Will 
ſhew truly the degrees of heat in the balls 
of the Thermometers, and conſequently, the 
reſpective heats of the earth, at the ſeve- 
ral depths where they are placed. The ſtems 
of theſe Thermometers, which were above 
ground, were fenced from weather and in- 
juries, by ſquare wooden tubes; the ground 
they were placed in was a brick carth in 
the middle of my garden. 3 
July 30. I began to keep age i * 
their riſe and fall. During the following 
month of Auguſt, I obſerved that when 
the ſpicit in the Thermometer numb. r, 
( was expoſed to the Sun) was 
£5: N 5 about 


( 
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about noon tiſen to 48 


the ſecond Thermometer Was 45 Ades, 


| the 7 33, and the sth 3 1, the zd and 4th 


——— kept nearly the ſame degree of 
heat, both night and day, till towards thè lar 
ter end of the month; when as the days grew 


ſhorter and cooler, and the nights longer 
and cooler, they lie rn to 25 — ad 


degrees. ITT 

Now, fo coniditeble 4 het i ke 5 
at two feet depth, under the earth's ſurface, 
muſt needs have a ſtrong influence, in raiſ- 


ing the moiſture at that and greater depths; 


whereby a very great and continual wreak 
muſt always be aſcending, duting the warm 


ſummer ſeaſon, by night as well as day + for 


the heat at two feet depth is nearly the ſame 


night and day: The impulſe of the Sun- beams 


giving the moiſture of the earth a brisk undu- 
lating motion, which watery partieles, When 


ſeparated and rarified by. heat, do- aſcend 


in the form of vapour: And the vigour of 


warm and confined vapour, (ſuch as is that 
which is 1, 2, or 3 feet deep in the earth) 


muſt be very conſiderable, ſo as to pene- 


trace the roots with fone vigent „* as we 
2 FS may 


4 


ediate degrees. The 5thy and 6th 
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may 1 5 | ſonabl 7 ſuppoſe, from 15 vaſt force 


ter by fi 


"= plants v were not in this manner 159 
plied with moiſture, it were impoſſible for 


them to ſubſiſt, under the ſcorching heats, 
within the tropicks, where they have no 


rain for many months together: For tho 
the dews are much greater there, than in 


theſe more Northern climates; yet doubtleſs 
where the heat ſo much exceeds ours, the 
whole quantity evaporated in a day there, 
does as far exceed the quantity that falls 
by night in dew, as the quantity cvaporat- 
ed here in a ſummer's day, is found to ex- 
ceed the quantity of dew which falls in the 
night. But the dew, which falls in a hot 
ſummer ſeaſon, cannot poſſibly be of any 


benefit to the roots of trees; becauſe it is 


remanded: back from the carth, by the fol- 
lowing day's heat, before ſo ſmall a quanti- 
ty of moiſture can have ſoaked to any con- 
ſiderable depth. The great benefit there- 
fore of dew, in hot weather, muſt be, by 
being plentifully imbibed into vegetables; 
erally not only refreſhing them for the 

x F preſent, 


4 vapor in ¶ olipiles, in the di- 
geſter of G and the e to raiſe wa- 


Ha 


* 
of 
„ 
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| preſent, but alſo; furniſhing: them with a 
freſh' ſupply of - moiſture towards che * 5 
. of the ſucceeding day. 13 

'Tis therefore probable, that the Word of 
trees and plants are thus, by means of the 

Suns-warmth, conſtantly irrigated” with 
reſh ſupplies of moiſture; which, by the 
fame means, inſinuates it ſelf with ſome 
vigour into the roots. For if the moiſture 
the earth were not thus aAtuated, the roots 

muſt then receive all their nouriſhment 

meerly by imbibing the next adjoining 
moiſture from the earth; and conſequent- 
ly the ſhell of earth, next the ſurface of the 
roots, would always be conſiderably drier 
the nearer it is to the root; which I have not 
obſerved to be ſo. And by Exper. 18 and 

19, the roots would be very hard put to it, 

to imbibe ſufficient moiſture in dry ſum. 

mer weather, if it were not thus conveyed 
to me by the penetrating warmth of the 

Sun: Whence by the ſame genial heat, in 

conjunction with the attraction of the capil- 
lary ſap veſſels, it is carried up thro' the 

bodies and branches of vegetables, and 
thenee paſſing into the leaves, it is there 


moſt ned | upon, in thaſe thin 
W 5 plates, 


the ee Ic Yo”; 


plates; n n undulating j motion, 
by the Suns warmth! whereby. it is s moſt 
plentifully thrown; off, and perſpired theo 


their lurface; Wbencc, as foo: as it 15 * wn 


gled, it ue e 5 


eas the. vigour of a ens is 
ſo much abated, that the firſt Thermometer 
vas Gallep.to. degrees above the freezing. 
/ the ſecond to 10 degrees, che fh to 
4 degrees, and the ſſuth Thermometer to 
16 degrees; 3 then the brisk. undulatiqns of the 
moiſture. of the 2 ang. ”= of, the 21 . 
en fell. of .. 5 Log 7 2 „ i 5 
3 degree 0 1 
lowing winter, were in ahi ft 3; 12 1 of | 
November; during which time, the ſpirit in 
the firſt, Thermometer was fallen 4 degrees 


below the freezing point, the deepeſt Ther- 


neter 10 degrees, the ice on ponds. Was 
an inch thick, the Sun's greateſt, Warmth, at 
the winter ſolſtice, in a very; ſexene, calm, 
froſty-day, was, againſt a South alpet of a 
wall, 19 degrees, and in a freg in * 2 
dhe 


a 11 desrecs above the freezing poin 
F 2 


2 f 5 
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the roth of January tot 29th 6f Firth 
was a very dry ſeaſoll; when * the green 
Wheat Was generally the fineſt that was 
ever remembred. But from the 19th of 
Marth 1725, to the 29th of September fol. 
lowing, it rained more or leſs almoſt e- 
very day, except 10 or ke days, about the 
beginning of July; and tat Whole ſeaſon 
continued ſo very cool,” that the ſpirit in 
the fitſt Th hermometer roſe but to 24 degrees, 
| except now and then a mort interval of 
Sunſhine; 'the ſecond only to 20 degrees; 
the fifth”: and fi: *th to 24 and 23 degrees, 
with very little variation: So that during 
this whole ſummer, thoſe parts of roots 
8 which, were two feet under ground, had 3 
„ degrees more warmth than thoſc 
which were but two inches under ground: 
And at a medium the — degree of heat, 
th o' this whole ſummer, both above and 
under ground; was not greater than the heat 
of the middle of the preceding September. 
The year 172 FF having been botli in this 
 I0and, and in the neighbouring Nations, 
moſt remarkably wet and cold; and the 
year 1723, in the other extream, as' remar- 


- HWY dry, as has ever uy known; 1 


FE 


it may 
not 


cou bol them, andihe intuene they had 
on Shui productions. h By 
5 10 0 Mr., Miller, in the account which his 
6 < took, of the year 1723, obſeryed that the 
ee mild: and dry; except that in 
©. February it rained almoſt every day, which 
kept the ſpring backward.. March, April, 
«, May, Zane, to the middle of July, proved 

H extreamly dry, the wind North-eaft moſt 

| « part of the time. The fruits! were for- 


< ward: and pretty good; but kitchen-ſtuff, 
« eſpecially. Beans and Peaſe, failed much. 
7 N latter half of July the weather prov- 
a: yery wet, which cauſed, the. fruits to 
« grow ſo faſt, that many of them rotted 
4952 the trees; fo that the autumn fruits 
{ Were, not good. There were great plenty 
« of Melons, very large, but not well taſted. 
= plenty of Apples; many kinds of 
ruits bloſſomed i in Auguſt, which Produc- 
ng many ſmall Apples and Pears in . Oc- 


. « iber, as alſo, Strawberries and Raſpber- 


<4 


4 ries in great plenty. Wheat was good, 
« little Barley, much of which was very un- 

1 4 equally ripe, | ſome; not at all, becauſe ſown 
« late, *. no timely rain to 2 it up. 

| jet. 


* 
ne 


«:Thets were res Waſps; "How i: 
ec fared with the hops this Py year, is men- 
ce abe under Exper. Sieg YDGI 00 

„ The following winter dt rl 
. £ryery: mild ; the ſpring was forward in 
e January, ſd that the Snow- drops Ctoeuss, 
1880 Polyanthiis's, Hepatica's, and 'Natcifſus's, 
e yere in Flower. And it Was remarkable, 

4 tliat moſt of the Colliffower' plants were 
. deſtroyed by the mildew, of Which there 
% Was more, all this winter, than had been 
er known in the memory of man. In'Febru- 
<<" fy we had cold thirp* weather, which 
. did forme damage to the early Gbps, and 
4 it tontinued vatiable till April; 10 that 
4 mucfi df the early Wall- fruit was Cut off: 
« And again the '6th of May Was a very 
4 „ ſharp froft, which much injured” tender 
plants and fruits. The ſummer in gene- 
e ral Was modetately dry, the common fruits 
4 proved pretty good, but late: Melons 
« and Cucumbers were good for little: | 
1955 Kitchen - ſtuff was in in 1 Sreat n ta the 

« markets.” i 8 182 

m the very wet and 1080 year 1727 85 moſt 
| A wete a full month backwarder than 


uſual. - Not half the Wheat! in by the 24th 
| of 


Hegetable Statichs, 
of Auguſt, in the Southern parts of Eugla 
very few Melons or Cucumbers, and thoſe 
not good. The tender Exoticks fared but ills 
ſcarce any Grapes, thoſe ſmall, and of very 
unequal fizes, on the ſame bunch, not xipe; 
Apples and Pears green and inſipid; no fruit 
nor products of the ground good, but crude: 
Pretty good plenty of Wheat tho coarſe, 
and long ſtraw; Barley coarſc, but plenty of 
it in the uplands... Beans and Peaſe, moſt 
| flouriſhing and plentiful; few Waſps or o- 
ther inſets, except Flies on hops. Hops 
were very bad thro the whole Kingdom. 
- Mr. Auſtin of Canterbury. ſent me the fol- 
lowing - particular account, how it far'd 
with them there; where they had moxe than 
= Farnh n, and molt. other plages, vis. 
At mid - April not half the ſhoats- ap- 

e peared above ground; ſo that the plan- 
« ters knew. not how to pole them ta the 
beſt advantage. This defect of the ſhoot, 
e upon opening the hills, was found to be 
< oying to the multitude and varicty of 
e vermin that lay preying upon the root; 
te the increaſe of which was imputed to 
bf the long and almoſt uninterrupted ſeries 
| el ee for three months paſt: 
F. Ds — T owards 


I — aric l 
| * Towards the end of | April, many of the 
ce hop- vines were infeſted with the Flies. 
« About the 20th of May there was a 
very unequal: crop; ſome Vines being 
e xun ſeven feet, others not above three or 
ce four feet ſome juſt tied to the poles, and 
ſome not viſible: And this diſpropor- 
« tionate inequality in their: ſize conti- 
< nued thro the whole time of their growth. 
« The Flies now appeared upon the leaves 
<. of the forwardeſt Vines, but not in ſuch 
& numbers here, as they did in moſt other 
cc places. About the middle of June, the 
ce Flies increaſed, yet not ſo as to endan. 
0 ger the crop; but in diſtant planta- 
cc tions they were exceedingly multiplied, 
4 ſo as to ſwarm towards the end of the 
„ month. June 27th ſome ſpecks of fen 
_ <. appeared: From this day, to tlie ↄth of 

e July, was very fine dry weather. At this 
< time, when it was ſaid that the hops in 
* molt other parts of the Kingdom look- 
e ed black and ſickly, and ſeemed paſt re- 
te the opinion of the moſt skilful Planters. 
e The great leaves were indeed diſcolour- 
2 <d- and A dene and the fen was 
38811 | * ſome· 
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dme increaſed. ' From the 9th” of 
4 July to tlie 2 3d'the'Fen increaſed a good 
P deal, but the Plies and Lice decreaſed, it 
4 raining daily much: In a week more the 
«; Fen) which ſeemed to be almoſt at a ſtand, 
U as conſiderably inereaſed, eſpecially in 
<-thoſe grounds where it firſt appeared. A- 
bout the middle of Anguſt, the Vines had 
3 growing both in ſtem and branch; 
and the forwardeſt began to be in Hop, 
4 tl e reſt: in Bloom: the Fen continued 
„ ſpreading, where it was not before per. 
<« ceived, and not only the leaves, but many 
of the Burrs alſo were tainted with it. 
About the 2oth of Auguſt, ſome of the 
0 Hops were infected with the Fen, and 
„ Whole branche corrupted by T6. Half the 
„ Plantations' had hitherto pretty well eſ- 
* caped, and from this time the Fen inerea- 
e ſed but little: But ſevetal days violent 
b vind and rain, in the following week, ſo 
«diſordered them, that many of them be- 
e gan to dwindle, and at laſt came to no- 
'« thing; and of thoſe that then remained 
in bloom, ſome never turned to Hops; 
und of the reſt which did, many of them 
were ſo Canna that they vety little ex- 
1446; | WP ceeded 
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105 ceeded_ the bigneſs of a ggod. thriving 
« Burr, We did not begin to pick till the 
« 8thof September, which was 18. days later 
<, than we began the year before; The crop 

was little above two hundred on an acre 
- round, and not good. Bs The beſt Hops 
ſold this year at IWay- Hill. Fair for ſixteen 
| Pounds. the hundred. e 
Ike almoſt. uninterrupted wernels and 
coldneſs of the year 1725, very much af- 
feed the produce of the Vines: the enſu- 
ing year; and we have ſufficient proof 
from the obſervations that the 4 or 5 laſt 
years afford us, that the moiſture or dryneſs 
of the preceding year, has a conſiderable in- 
fluence on the productions of the Vine the 
following year. Thus in the year 1 722, there 
Was a dry ſcaſon, from the beginning of 
Auguſt thro the followi ing autumn and 
winter, and the next ſummer. there Was 
good plenty of Grapes. | The year 1723 
Was a remarkably. dry year, and in the fol- 
lowing year 1724, there was an unuſual 
plenty of Grapes. The year 1724 was mo- 
derately dry, and the following ſpring the 
Vines produced a ſufficient quantity of bin. 


ches, but by reaſon of the wetneſs and cold- 
lyk . e neſs 


able Static ls. 
| he year 17 Wee abortiv 
— hardly any Grapes: This very 
wet year had an ill effect, not only upon its 
on produRtions,” but alſo on thoſe of the 
ſollo Wing year: For notwithſtanding there 
WAs 4 Kindly ſpring and blooming ſeaſon in 


the Fear 1726. yet there were few- buncnes 


prod iced, exec pt here and' there in ſome 
very dry ſoils.” his, nany Gardiners foreſa 1 


early, when upon pruning of the Vines, they 
obſerved the beariny ſhoots to be crude and 
immature ; which: was the reaſon why they 
were not fruitful, The firſt crop thus failing 
in many places, the Vines produced a ſe- 
cond, which had not time to come to N 
ty, before the cold weather came on: 
* 2 have often õbſerved from theſe 1 nr # 
mometets, her tliat Kind of hovering lam- 
bent Fog atiſes, (either mornfnigs or eve. 
nings) which frequently betokens fair wea- 
Fg that the air which in the preceding 
day'was muck Warmer, has upon the abſence 
of the fun become many degrees cooler than 
the "ſurface of the earth; Which being near 
1506 times denſer chan the air, cannot be 
ſo Yoon affected with the alternacies of hot 
| and cold; "whence tis probable, that thoſe 
a vapours 


the. rk; wers avs ö oler a Ir on cor 
denſed into a viſible form. — war Lhave ob- 
ſerved the ſame difference between the cool · 
neſs of the air, and the warmth, of water in 
a pond, by putting my Thermometer, which 
hung all night in the open air in ſummer 
time, into the water, juſt before the riſing of 
the ſun, when the like reek or fog was riſing 
on * of | the Water. e eee 


| 8 155 H A P., . 
E bene, — to find out the + 
"he: bel 7 rees imbibe moiftaree. 


. ©2490 
Av IN Gi in 155 a ſcen many 
. proofs of the great quantities of li- 

quor imbibed and perſpired by vegetables, 
I propoſe in this, to enquire 11 You * 

they do imbibe moiſture. 78 
Tho vegetables (which. A e inani 


have not an engine, which, by its alternate 
dilatations and contractions, does in animals 
forcibly drive the blood through the arte; 
ties and veins; yet has nature wonderfully 
contrived other means, moſt powerfully to 


ule and KP. in motion. the en as will 
In 


\ 


> 


into the ei 


in this and the Wilgeng chapter. . r 2485 
e begin with a exr nn ̃ WW For 


a ure has pro idently taken 
care td over with a very fine thick ſtrai- 
ner; that nothing ſhall be admitted into 
them, but what can readily be carryed off 
by- perſpiration vegetables having no o- 
5 ion for diſcharging their recre- 
ment. b: 0007 OE 1-7 Gt botbroum: 
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| oſs ry. Ar hs vely | yeat 1723, 


I dug down 2 ＋ + feet deep to the root 
of a thriving baking Pear. tree, and lay- 


ed bare a root inch diameter u. (Fig. 10.) 
I cut off the end of the root at i, and put 
the remaining ſtump i into the glaſs tube 
dr, which was an inch diameter and s inches 
long, cementing it faſt at 7; the lower part 


of the tube 4 & was 18 inches wanne _— 4 
inch diameter in-bore. ooo 


Then I turned the lower _ of a 


2 uppermiolt, andfilled it full of water, and 


ierſed the ſmall end 2 
ern of mercury æñ taking away 
. 3 


tube 8. 43 Neat te olle N Und sel . 
The — cd the water with ſo 
much vigor, that in 6 minu es time the mer - 
cury was raiſed up the e 4 * digh. 6 9s 
0” VIS. 8 inches. in ii 2 oat * 

The next morning, at Song CK, the mer. 
cury was fallen to 2 inches height, and 2 
inches of the end of the root i were yet 
immerſed in water. As the root imbibed 
the water, innumerable air bubbles iſſued 
out at 2, which occupied the upper * of 
| the tube at r as the water left „ 
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EXPERIMENT: *. 5 

a * ee (nbc , hh 
what great force branches imbibe water, where 
a branch with leaves imbibed much more 
than a column of 7 feet height of Water 
could in the ſame time drive thro 13 in- 
ches length of the biggeſt part of its ſtem. 
And in the following experiments we ſhall 
find a — proof an _— ups imbi 
e 25, I cut of: a — chf Jeng 


ad — 2 ee 6, . * about 3 
feet 


feet bite a be ncnesz 3 
ter of the ttanſverſe cut i, where it was cut 
off, was 4 of an inch: The great end of this 
branch I put into the cylindrical glaſs r, 
which was an inch n nen 

eight inches long. . "(E423 N 
I then cemented Seeber 8; firſt fold. 
ing a ſtrap of ſheeps skin round the ſtem, 
fo as to make it fit well to the tube at ; 
then Icemented faſt the joynt with a mixture 
of Bees -· wax and turpentine melted together 
in ſuch a proportion, as to make a very ſtiff 
clammy Paſte when cold, and over the cement 
I folded ſeyeral times wet en erg 

it firm with Pack thread. 

At the lower end of he large tube e was 
cemented, on a ier tube ⁊ e, 4 + inch dia- 
meter in bore, and 18 inches long: The 
ſubſtance of his e ought to be full of 
an inch thick; elſe it will too unn are 
in making this experiment. 7 4Þ 
Theſe two tubes were cemented together 
a e, firſt with common hard brick- duſt CE- 

meat to keep the tubes firm to each other; 
moo this hard cement would, by the different 
dilatations and contractions of the glaſs and 
en, ne the glaſs in hot wea- 
. „„ * ther, 


. 
e 


fo Viegetalle Keb 4 
ther, ſo as to let in air; to prevent which in- 
convenience, I further ſecured: the joynt 
with the cement of Bees. wax and an 
tine. binding a wet bladder over all. 
WMWWhen the branch was thus fixed, I turned 
it downwards, and the glaſs tube upwards, 
and then filled both tubes full of water; 
upon which Iimmediately applied the end of 
my finger to cloſe up the end of the ſmall 
tube, and immerſed it as faſt as I could into 
the glaſs ciſtern , uch, Was 4 . mer- 
nee,, 
When the branch was now Ni OY "Pp 
placed as in this figure, then the 8 end 
of the branch was immerſed 6 1 in 
Water, viz. from r to . 

Which water was imbibed by the 1 | 
at its tranſverſe cut i; and as the water al- 
cended up the ſap veſſels of the branch, 
ſo the mercuty aſcended up the tube e 2 
from the ciſtern &; ſo as in half an hour's 
time the mercury was nin 5 n and 
high up tos. _ 

And this height of has mercury Wn in 
ſome meaſure ſhew the force with which the 
ſap was imbibed, tho not near the whole 
force; 3 for while the, water was imbibing, 
4 & =. ME 


x o 


; p ; 
f 4. 


2 22 W * 


= Y 


"oy and — air bubbles iſſued — of 
the ſap "veſſels; w | 
| the tube 0; ab the water was ates out of 


ich air did in part fill 


ht of the mercury could 
ortionable to the erceſs of the 
„of water drawn off, above the ro | 


ot air which iſſued out of the wood. 


And if the quantity of air, which tue 


from the wood into the tube, had been equal 


to the quant ity of water imbibed, tlien the 
mereury Would not riſe at all; becauſe there 


would be no room for it in the tube. 


But if 9 parts in 12 of the water be im- 
bibed by the branch, and in the mean time 
but 3 ſuch parts of air iſſue into the tube, 
then the mercury muſt needs riſe near inches, | 
and ſo proportionably in different cafes. © 

I obſerved in this, and moſt of the follow- 
ing experiments of this ſort, that the mer- 


cury roſe higheſt, when the fun was very 
clear and warm; and towards evening it 


uld ſubſide 3 or 4 inches, and riſe again 
the next day as it grew warm, but ſeldom 
to the ſame” height it did at firſt. For I 
mare t found the fap veſſ els grow every 
8 5 day; 


— 
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day, after cutting, leſs pervious, not only for 
water, but alſo for the ſap of the vine, which 
never paſſes to and fro ſo freely 'thro' the 
tranſverſe cut, after it has been cut 3 0 4 
days, as at firſt; probably, becauſe the cut 
capillary veſſels are ſhrunk, the veſicles alſo, 
and interſtices between them, being ſaturate 
and dilated with extravaſated ſap, much more 
than they are in a natural ſtate. 
If I cut an inch or two off the lower 
part of the ſtem, which has been much ſatu- 
rated by ſtanding in water, then the branch 
will imbibe water again afreſh ; tho not al- 
together ſo freely, as when the braneh Was 
firſt cut off the tree. 12 
I repeated the ſame experiment as 2chis 22 
upon a great variety of branches of ſeveral 
ſizes and of different kinds of trees, ſome 
of the PER of which arc as follow, 
vis. | IL a. 


3 


ExrERIMENT XXIII. 


July 6th and sth, 7 8 "a ſame ex- 
periment with ſeveral green ſhoots: of the 
Vine, of this year's growth, cach- of them | 
full two yards * 


Te 


2 Gaal. 8 3 


The mercury roſe much more leiſurely in 
dal experiments, than with the Apple: tree 
branch; the more the ſun was upon it, the faſ- 
ter and higher the mercury roſe, but the Vine- 
branches could not draw it above 4 inches ; 
the firſt day, and 2 inches the third day - 
And as the ſun ſet, the mercury ſometimes 
ſubſided wholly, and would riſe again the 
next aa as the ſun came on the n 
branch: 

And 1 1 that en ſham ofitheſe 
Vine-branches were fix d on the north ſide 
of the large trunk of a Pear-tree, the mer- 
cury then roſe moſt in the evening about 6 a 
cooks as he ſun came on the Yineraraned. 


(EXPERIMENT XXIV. 


. 9, at 10 ante Merid. ets Na 75 
ſhine) Ifixed in the ſame manner as Exp. 22. 
a Non- pareil branch, which had 20 Apples 
on it; it was 2 feet high, with lateral bran- 
ches, its tranſverſe cut + inch diameter: It 
immediately began to 100 the mercury moſt 
vigorouſly, ſo as in 7 minutes it Was 800 
e ie inches high. . 8 


T 2 . "23 - Mem 
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Mercury being 13 ＋ 4 times. ſpecifically 
FW than water, it may eaſily be eſtima- 
ted to what height the ſeveral branches in 
theſe experiments would raiſe water ; for if 
any branch can raiſe mercury 12 inches, it 
will raiſe water 13 feet ＋ 8 inches: A 
further allowance being alſo made for the 
; perpendicular height of the water in the 

tubes, between r and E the top of the co- 
lum of mercury, for that column of water is 
aha lifted up by the ee be it more 


| or leſs. | 
At he ſame time, 1 tryed a Golden Re- 


nate branch 6 feet long, the mercury roſe 
but 4 inches, it riſing higher or lower in 
branches nearly of the ſame ſize and of the 
ſame kind of tree, according as the air iſ- 
ſued thro the ſtem, more or leſs freely. 
In the preceding experiment on the Non- 
pareil branch, I had ſacked a little with my 
mouth at the ſmall end of the tube, to get 
- ſome air bubbles: out of it, before I im- 
| merſed it in the mercury 1 (bur theſe air 
bubblee are beſt got out by à ſmall wire 
tun. to and fro in the tube) and this ſuc- 

tion made air bubbles ariſe out of the tranſ. 
verſe cut of the branch; but tho the quan- 


* 
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tity of thoſe air bubbles thus ſucked out, 
was but ſmall; yet in this and many other 
experiments, 1 found that after ſach ſuc- 
tion, the Water was imbibed by the branch, 

much more greedily, and in much greater 
quantity thin me bulk of the air was, which 
Was ſucked out. Probably therefore, theſe 
air bubbles, when in the ſap veſſels, do ſtop 
the free aſcent of the water, as is the caſe 
of little portions of ait got between tHe: Wa- 
ter in capillary glaſs tubes. 

When the mercury is raiſed to its eter - 
height; by precedent ſuction with the 
mouth, {which height it reaches ſometimes 
in 7 minutes, ſometimes in half an hour or 
an hour) then from that time it begins to 
fall, and continues ſo to do, till i it is fallen 


5 or 6 inches, the height the branch would 


have aun! it T to, ene CTY with the 
mouth. | - DUES S's 
But Alen! in a very warm aa the mer- 
cury is drawn up 5 or'6 inches, ( without 
precedent ſuction with the mouth) then it 
will uſually! hold up to that height for ſe- 
veral hours, vi. during the vigorous warmth 
of the ſun; becauſe the ſyn is all that time 
rene erhaling moiſture from the branch 
| 5 a. __ thro 


( 
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thro' the leaves, on which account it muſt 
therefore imbibe water the more greedily, 
as is evident by many Mee in the firſt 
| chapter. 1 5 
When a branch is fiel to 3 Aa tube 
ſet in mercury, and the mercury ſubſides at 
night, it will not riſe the next morning 
(as the warmth of the ſun increaſes upon it) 
unleſs you fill the. tube firſt full of water : 
For if half or 4 of the large tube c 7 be full 
of air, that air will be rarified by the ſun; 
which rarefaction will depreſs the water in 
the tube, and moon; _ #.- ad 
cannot riſe, | 
But where little water is imbibed the 
firſt day, (as in the caſe of the green ſhoots 
of the Vine, Exper. XXIII.) then the mer- 
cury will riſe the ſecond and third day, as 
the warmth of the ſun comes on, without 
refilling the little water that was imbibed. 


EXPERIMENT XXV. 


In order to make the like experi- 
ment on larger branches (when I expec- 
ted the mercury would have riſen much 
| higher than in {mall a | 6 cauſed Zlaf | 
ſes 


VL, th Staticks: 2 * 


ſes to be blown of the ſhape of this here 
deſcribed (Fig. 12.) of ſeveral dimenſions 
at 1, from two to five inches diameter, with 
a Perlen large cavity c: the ſtem æ 
as near 4 inch diameter as could be, the 


length of the Io I6 inches. + 
1 cemented one of theſe claſs veſſels to 


a large ſmooth barked thriving branch of an 


Apple-tree, which was 12 feet long, 1 + + 
inch diameter at 2: I filled the glaſs tube 
with water, and immerſed the ſmall end in 
the mercury x, which roſe but 4 inches, 
yet it imbibed water plentifully ; but the 
air iſſued too faſt out of the branch at 75 
for the mercury to riſe high. 
. This, and many other experiments of this 
kind, convince me that branches of 2, 3, 
or 4 years old, are the beſt adapted to draw 
the mercury higheſt: The veſſels of thoſe 
that are older being too large and pervious 
to the air, which paſſes moſt freely thro' 
the bark, cſpecially at old eyes: As will be 
more fully 1 in the fifth chapter. 


Exp BRIMEN' by XXVI. 


75 zocha at noon, a mixture of ſun and 
| + | clouds, 


clouds, the day and ks n 24 hpurs 


- continual rain: I cut off a branch of a Gol. 


den Pippin tree, b b (Fig. 13.) about 3 feet 
long, with ſeveral large lateral branches; its 
| diameter at the great end 2 near ah inch, 
which end 1 cemented e and nter 
| it a piece of wet bladder. 

Then I cut off at 5 the main — twig, 
whheo it was 3 inch diameter: I cemented 
the glaſs tube S r, to the remaining — 
ir, and then filling the tube with water, 
ſet its lower end in the mercury x: So 
that now the branch was placed with its 
top z downwards i inthe. Rf in ak _— 
mercurial g age; =: O16 2 

- it bind: the water niche ſuch Reeghdth, 
as to raiſe the mercury with an almoſt e- 
quable progreſſion 11 ＋ 2 inches by 3. a 
clock, (the Tun ſhining then very warm) 
at Which time the water in the tube r: 
being all imbibed ; :405 that the end i of the. 
branch Was out of the water, then the air 

bubbles paſſing more freely down to i, and 
no water being imbibed, the mercury ſub- 
ſided 2 or. 3 inches in an hour. 
At a quarter paſt 4 a clock, Lefilled the 
. eee 1800 yhich the 
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oſs afreſh from! the hem, iE. 6 Inches 
the firſt 4 of an hour, and in an Hour more | 
the meteury reached the ſame height: as be- 
fodte, vis. 11 ＋ k inches. And in an hour 
and 4 more it roſe 3 inch more than at firſt; 
but in half an hour  affet this it began gent- 
1y to ſubſide; vis, becauſe the ſan declining 
and ſetting, the petſpiration of the leaves 
decreaſed, and conſequently the imbibing 
of the water ar # Wated, for the end: Z was 


- 


then an inch in water, __ 5 
July 3 1ſt. It raining” all this day, the 
mercury roſe but 3 inches, which height 
it ſtood at all the next night. Auguſt iſt 
fair eee this day the mercury roſe to 
8 inches: This ſhews again the influence 
of the Min; in raiſing the mercury. 
This Experiment proves that branches 
will ſtrongly imbibe from the ſmall end 
immerſed in Water to the great end; As 
well as from the great end immerſed in 
water to the ſmall end; and of this we 
art HTN further t proof j in the fourth . 
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p Hadi ee would 
imbibe 
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imbibe with the like force, with the bark 
off, 1 took two branches which J call M 
and N; 1 fixed M in the ſame manner as 
the branch in the foregoing Experiment, 
with its top downwards, but firſt I took off 
all the bark from 7 to r. Then I fix'd in the 
ſame manner the branch N, but with its 
great end downwards, having alſo taken off 
all the bark from z to r; both the branches 
drew the mercury up to E, 8 inches; ſo 
they imbibed with equal ſtrength at aer 
end, and that without bark. 


EXPERIMENT U. 


Aag, 13. 1 4 the leaves off an 
Apple tree branch, and then fixed the great 
end of the ſtem in the gage; it raiſed the 
mercury 2 + 2 inches, but it ſoon ſubſided, 
for want of the plentiful perſpiration of 
the leaves, ſo that the air came in almoſt as 
faſt as the branch imbibed water, 


ExyzRIMENT XXIX. 
I tryed alſo with what force branches 


would imbibe, at their ſmall ends, as they 


are in their natural tare growing. to | the 

trees fd | 
Au way? 2d 1 ene falt the gage. ris 
( Fig. 14) to the pliant branch 6, of a dwarf 
Golden Pippin tree, the ſame from which I 
cut the branch in Experiment 26: As the 
tranſverſe cut i imbibed the water, the mer- 
cury roſe 5 inches obliquely in the tube 5 
and 4 inches perpendicular. 

In this, as alſo in many of the pi 
ing Experiments there were ſeveral wounds, 
in that part of the branch which was with- 
in the large tube 7 /; which were made by 
cutting off little lateral twigs, and ſwelling 
eyes, that the branch might eaſily enter the 
tube: And if theſe wounds ( thro' which the 
air always iſſued plentifully) were well co- 
vered with ſneeps- gut, bound over with pack- 
thread, it would in a good meaſure prevent 
the inconvenience : But I always found that 
my Experiments of this kind ſucceeded. beſt, 

| when that part of the branch which was to 
enter the tube 77, was clear of all knots 
or wounds; for when there were no knots, 
the liquor e moſt anz, and leſs air 
ied out. 2 ts 1 
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The ſame day 1 fixed in 1 man- 


ner a gage to an Apricocł. tree, it raiſed the 


mercury 3 inches; and tho” all the water 


was ſoon imbibed, yet the mercury roſe 
every day an inch, for many days, and ſub. 
ſided at night; ſo that the branch muſt daily 
per, thas os POR n remit rat 5 ap 
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5 Exynn en X. 
We aver a b ber cite: of des influ- 
ence of the leaves in railing the 19 1 in this 


| following Experiment. 


ii! Hugaſt 6th; I cut off a large Roſſer Pippin 


4 (Fig. 15.) with a ſtalk” 1＋ inch Jong, 
_ 12 adjoyning leaves £ growing to it. 
I cemented the ſtalk faſt into the upper 


end of the tube 4, which tube Was 6 in- 
ches long, and 1 inch diameter; as the ſtalk. 


imbibed the water, it 1er the m—_ to 
> four inches High 1 n 
I fix d another Apple ef t 


off the leaves; it raiſed the mercury but one 


inch; I fixed in the ſame” manner a like 


bearing twig with 12 leaves on it, but no 
5 ; it raiſed the mercury 3 inches. 


| Ten 


1E Hattie 7 ze ind 
tis; in the ſame manner, but firſt” pulled 
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ither leaves or Mt it raiſed the mer» 
cury 2 inch. IE „ 55 „ 3 7 445 9 72 ST 4; 
Soatwig, with an apple and leaves rai 


ed the mercury 4 inches, one with leaves 
only 3 inches, one with 4 an ain ee 
nn 14h. ts 
A Quince which had t two —— inf: at 
the twig's inſertion. into it, raiſed the mer - 
cury 2 + + n end A a ms; 
derable time. . 
A ſprig of Mint fd inthe Gen 
raiſed the mercury 3 ＋ 1 inch, en 
4 feet * 5 inches en * Water. 


ExP8R MENT XXXI. 


1 tryed alſo che imbiding force of agreat 
variety. of trees, by fixing Aqueo-mercurial 
gages to bran e an cut of; as in Exe 
kaun. ne 5 

The Pear, Quince, Alerts Walnut, Peach, S 
Apticock, Plumb, Black- thorns, White: 
thorns, Gooſeberry, Water-Elder, Sycamore, 
taiſed the mercury from 6 to inches high: 
Thoſe which imbibed water moſt freely, in 


the Experiments of the firſt chapter, raiſed 


94 
the mercury hi oheſt in theſe; Experiments, 


except the Horſe· Cheſnut; which tho' it 
imbibed water moſt freely, yet raiſed the 
mercury but one inch, becauſe the air paſſed 
very faſt thro' irs ſap · veſſels into the gage. 
The following raiſed the mercury but 1 
or 2 inches, vis. the Elm, Oak, Horſe. 
Cheſnut, Filberd, Fig, Mulberry, Willow, 
Sallow, Oſier, Aſh, Lynden, Currans. 
The Evergreens, and following trees and 
plants, did not raiſe it at all. The Laurel, 
Roſemary, Laurus-Tinus, Philarea, Fi uz, Rue, 
ny JE abut, Pum- 
e . Artichoke. 6 bb 83797 4 


ExernIMentT XXXI. 


- "EE hve 4 gunber⸗ po of the great 
force, with which vegetables imbibe moi- 
ſture, in the following Experiment, vis, 1 
| filled near full with Peaſe and Water, the 
iron Pot (Fig. 37.) and layed on the Peaſe 
' a leaden cover, between which, and the ſides 
of the Pot, there was room for the air 3 
came from the Peaſe, to paſs freely. 
then layed one hundred eighty four 2 


weight on them, ue (as the Peaſe di- 
lated 


lated by imbibing the water) they liked 
up- The dilatation of the Peaſe is always 
equal to the quantity of water they imbibe : 
For if a few Peaſe be put into a Veſſel, and 
that Veſſel be filled full of water, tho? the 
Peaſe dilate to near double their natural 
ſize 3 yet the water will not flow over the 
Veſſel, or at moſt very inconſiderably, on 
account of the expanſion of little air bub- 
bles, which are iſſuing from the Peaſe, Be- 
ing deſirous to try, whether they would 
raiſe a much greater weight, by means of a 


lever with weights at the end of it, 1 com- 


preſſed ſeveral freſh parcels of Peaſe in the 
ſame Pot, with a force equal to 1600, 800, 
and 400 pounds; in which Experiments, tho 
the Peaſe dilated, yet they did not raiſe the 
lever, becauſe what they increaſed im bulk 
was, by the great incumbent weight, preſſed 
into the interſtices of the Peaſe, which they 
adequately filled up, being thereby formed 
into pretty regular Dodecahedrons.” 
Me ſee in this Experiment the vaſt force 
with which ſwelling. Peaſe expand, and tis 
doubtleſs a conſiderable / part of the ſame 
force which is exerted, not only in puſh- 
. the Plum, up warde into the air, but 
701. alſo 
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. alſo, — dhe füt ſhooting 1 
the Pea, and all its ſubſequent Wader re 


o e mee 1 n ins 4 25 e 


4 6 


We eme th — of this . 
iftances of the great efficacy of 


ee that univerſal” principle Which 


is ſo operative in all the very different 


works of nature; and is moſt eminently ſo 
in vegetables, all whoſe' minuteſt parts are 


curiouſly ranged in ſuch order, as 1s beſt 
adapted by their unite nen to o attract pro- 


per nouriſhment. Of & 4 30% 


And we ſhall dad in the follow 8 Ex- 


Periment, that the diſſevered partieles of 


vegetables, and of other bodies, have a 


ſtrong e power en, n _ con- 
fuſed. | 


Ther ah parties e uod ue Specit 


5 cally heavier than water (and can there- 


Þ. ro 817 attract it) is evident, becauſe 
ſeveral ſorts of wood ſink immediately; o- 


rhers (even cork) when their interſlices are 
well ſoaked, and filled with water; others 


(un che Perwian Bark) fk when very fincly 
8 | pulve- 
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erke, becauſe all their cavities, which 
made them fwirn, are thereby deſtroyed. | 
> In order to try the imbibing power of © 
common wood alhes, 1 I filled a glaſs tube 
cr 6, 3 feet long, and + 1 of a an inch diameter 
(Fig. 16.) with well dryed and ſifted wood 
aſhes; preſſing them cloſe With a rammer, Þ 
tyed a piece of linen over the end of the 
tube at i, to keep the aſties from falling out; 

I then cemented the tube © falt at 7 to the 
Aqueo- mercurial gage 'r E, and when 1 
had filled the gage fulł of water, 72 immer- 
ſed it in the ciſtern of metcury *: Then 
to tlie upper end of the tube c, at 1 ſcrewed 
| on the mercurial gage 4 b. "fo 

The aſhes as they imbibed che water dew 
the mercury up 3 of 4 inches in a few hours 


towards & but the three following days it 


roſe but 2 inch, 2 inch, and 4, and ſo leſs 
and leſs, ſo that in + ot 6 days it ceaſed ri. 
ſing: The higheſt it roſe Was pe inches, 
which x Was 5 equal to naiſin . water 8 1 
high. © r 92 - 1 
This had very little effect or the mer- 
C ty 1 in the gage a 6, unleſs it Were, that ic 
would riſe a little, "VIE. an inch or little 
more in the gage at a, as ĩt were by the ſuc- 
23K H n 
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tion of the aſhes, to ſupply ſome of the lis / 
bubbles which were drawn out at z.. 
But when I ſeparated the tube co from 
the gage 7 , and ſet the end : in water, 
then the moiſture (being not reſtrained as 
before) roſe faſter and higher in the aſhes 
co, and depreſſed the mercury at 4, ſo as 
to be 3 inches lower than in the leg 6, by 
driving the air upwards, which was inter- 
mixed with the aſhes. 7 
1 filled another tube 8 feet long, and 
Fab diameter with red lead; and affixed it 
in the place of c to the gages à b, 7 S. 
The mercury roſe gradually 8 inches to S. 
In both theſe Experiments, the end # was 
covered with innumerable air bubbles, many 
of which continually paſſed off, and were 
| ſucceeded by others, as at the tranſverſe cuts 
in the Experiments of this chapter. And as 
there, ſo in theſe, the quantity of air bub- 
bles decreaſed every day, fo asat laſt to have 
very few: The part i immerſed in the wa- 
ter, being become ſo ſaturate therewith, a8 
to leave no room for air to paſs. | 
After 20 days I picked the minium out 
of the tube, and found the water had riſen 
3 feet 7 inches, and would no doubt have 
bien 
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riſen higher , if it had not been clogged 
by the mercury in the gage S. For which 
reaſon the moiſture roſe but 20 inches in 


the alhes, where it would otherwiſe FROG | 


riſen 30 of 40 inches. 


And as' Sir Iſaac Neuron (in his Op- 


ticks query 3 1.) obſerves, The water riſes 


cc 


cc 


1 


(6 


cc 


ce 
Cc 


cc 


« up to this height, by the action only of 


ce 


thoſe particles of the aſhes which are 


upon the ſurface of the elevated Water; 
the particles which are within the water, 


attracting or repelling it as much down- 
wards as upwards ; and therefore the ac- 


tion of the particles is very ſtrong: But 


the particles of the aſhes being not ſo 
denſe and cloſe together as thoſe of 


glaſs, their action is not ſo ſtrong as that 
of glaſs, which keeps quick-ſilyer ſuſpen- 
ded to the height of 60 or 70 inches, 


and therefore acts with a force, which 


would keep water ſuſpended to the height a 


of above 60 feet. 
c By the ſame principle, a ſponge Wehg- 


in water, and the glands in the bodies of 


animals, according to their ſeveral na- 
tures and diſpoſitions, ſuck in ' various 


open from dhe b.. 
: | He A 


3 
W 


; 400. 5 Sraticls. ” 
f i. And by the ſame principle it is, that we 


ſee in the preceding Experiments plants 
imbibe moiſture ſo vigorouſly up their fine 
capillary veſſels; which moiſture, as it is car- 

ryed off in perſpiration, (by the action of 
warmth, ) thereby gives the ſap veſſels li- 
berty to be almoſt continually attracting 
of freſh ſupplies, which they could not do, 
if they were full ſaturate with moiſture: For 
without perſpiration the ſap muſt neceſſarily 
ſtagnate, notwithſtanding the ſap veſſels are 
ſo curiouſly adapted by their exceeding fine- 
neſs, to raiſe the ſap to great heights, in 

a reciprocal proportion to \thcie very minute 
diameters. 


22 40 CHAP. Ul. 1 
| E „ Jnewing the dr of the la 
| in * hn in the Ry r 


TAVING in the firſt - chapter n 
many inſtances of the great quanti- 


ties imbibed, and perſpired by trees, and in 
the ſecond chapter, ſeen the force with 
which they do imbibe moiſture; I propoſe 
next, to give an account of thoſe Experi- 
ments, which prove with what great force 
OE. I 0 IS -- the 
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Pegetable Static. To's 
the ſap of the Vine is puſhed forth, in the 
ba ſeaſon. Ems ole. 


Exynni IMENT *I. 


1 zoth at 3 p. m. WA of a Jin 
on a weſtern aſpect, within ſeven inches of 
the ground, the remaining g ſtump c (Fig. 17) 


had no lateral branches: It was 4 or'5 years 
old, and 4 inch diameter. I fix d to the top 
of the 9 by means of the btaſs col- 1 
lar , the glaſs tube & 5, ſeven feet long, and 
inch diameter; I ſecured the joynt & with 

ſtiff cement made of melted Bees wax and 


Turpentine, and bound it faſt over with ſe- 


veral folds of wet bladder and pack thread: 
I then ſcrewed a ſecond tube F g to the 
firſt, and then a third g 4 to 25 feet height. 


The ſtem not bleeding into the tube, 1 


filled the tube two feet high with water, 
the water was imbibed by the ſtem within 


3 inches of the bottom,» by 8 a clock that 


evening. In the night it raincd a ſmall 
ſhower. The next morning at 6 ＋ 2, the 


water was riſcn three inches above what it 


was fallen to laſt night at eight a clock. 
"Thi Ti hermometer which hung in my porch 


SF. was 


: \ 
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102 Vegetable Staticks., 
Was 11 degrees above the freezing point, 
March 3 iſt from 6 Tf am, to 10 p. n. che ſap 
role 8 + l inches, April iſt at's am. Thermo- 
meter 3 degrees above the freezing point, 
and a white hoar froſt, the ſap roſe from 
ten a clock laſt night 3 - 4 inches more; 
and ſo continued riſing daily till it was a. 
bove 21 feet high, and would very proba- 
bly have riſen higher, if the joynt h had not 
ſeveral times leaked: After ſtopping of which 
it would riſe ſometimes at the rate of an 
inch in 3 minutes, ſo as to riſe 10 feet or 
more in a day. In the chief bleeding ſeaſon 
it would continue riſing night and day, but 
much more in the day than night, and moſt 
of all in the greateſt heat of the day; and 
What little ſinking it had of 2 or 3 inches 
was always after ſun ſet, which I ſuſpect 
was principally occaſioned by the ſhrink- 
ing and contraction of the cement at ie Sr as 

it grew cool. 2 56 

When the ſun ſhined hot pon the eine, 
there was always a continued ſeries of air 
bubbles, conſtantly aſcending from the ſtem 
thro the ſap in the tube, in ſo great plenty 
as to make a large froth on the top of 
* * which ſhews the great quantity of. 
air 
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air which is drawn | in en the roots and - 
From this Kuperſuent we find a vid 
ib energy in the root to oe up _ in 
* bleeding ſeaſon. 28 

This put me upon og whether cod | 
end any proof of ſuch an energy, when the 
Anm nn Was s over, | in nne to n 


A [ —_— a 22 * p 1 1 


. Ex PERIMENT XxxV. 


Fuß 4th at noon, I cut off within 3 in- 
lies of the ground, another Vine on a ſouth 
aſpect, and fixed to it a tube 7 feet high, as 
in the foregoing Experiment; Ifilled the tube 
with water, which was imbibed by the root 
the firſt day, at the rate of a foot in an hour, 
but the next day much more ſlowly, yet it 
was continually ſinking, ſo that at noon 1 
I could not ſee it ſo much as ſtationary. 

Yet by Experiment the 3d, on the Vine 
in the garden pot, it is plain, that a very 
conſiderable quantity of ſap was daily preſ- 
ſing thro this ſtem, to ſupply the perſpira- 
tion of the leaves, before I cut the vine off. 


And if this great quantity w were carried up by 
e "PAY 
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pulſion or truſion; it muſt needs have-riſca 
out of the ſtem into the tube. W 
Now ſince this flow of ſap: ceaſes at once, 
as ſoon as the Vine was cut off the ſtem, 
the principal cauſe of its riſe muſt at the 
fame time be taken away, vig, the res: 
perſpiration. of the leaves. 
For tho it is plain by many Experiments, 
that the ſap enters the. ſap veſſels of plants 
with much vigour, and is probably carried 
up to great heights in thoſe veſſels, by the 
vigorous undulations of the ſan's warmth, 
which may reciprocally cauſe vibrations in 
the veſicles and ſap veſſcls, and thereby make 
them dilate and contract a little; yet it ſeems 
as plain (from many Experiments, as parti- 
cularly Exper. 13, 14, 15. and Exper. 43. 
where tho we are aſſured that a great quan- 
tity of water paſſed by the notch cut 2 or: 
feet above the end of the ſtem; yet was the 
notch yery dry, becauſe the attraction of the 
perſpiring leayes was much greater than the 
force of truſion from the column of water, 
From theſe Experiments, I ſay, it ſeems 
evident, that the capillary ſap veſſels, out of 
the DIFEGINS (aſon, . BATS little power to pro- 
4 | trude 
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at ſap i in any plenty beyond their orifices; 
but as any ſap is evaporated off, they can 
by their ſtrong. attraction ( aſſiſted by the 
genial warmth of the ſun) ſupply the great 
hos mpg of 1 ee of 1 a | 


8 . . 


"Exprninent E N. 


had 6th at 9. 4 . rain he beg be 
fore I cut off a Vine on a ſouthern af 
pect, at 4 (Fig. 18.) two feet nine inches 
from the ground, the ee ſtem 4 6, 
had no lateral branches, it was ; inch dia- 
meter, I fixed on it the mercurial gage 4 . 
Ar 11 4 m. the mercury was riſen to &, 15 
inches biglier than in the leg x, being puſhed. 
down at x, by the force of the ſap which 
came out of the ſtem at 4... x 
At 4p. n. it was ſunk an inch in the lens 2 7. 
Afpril 7th at 8 4. m. riſen very little, a 
1 at 11 4. m. tis 2 os which, and . 
fog gone. 
_ April toth-at 7 4. m. - mercury 18 Indies 
highs; I then added more mercury, ſo as to 
make the ſurface S 23 inches higher than x; 
the ſap, retreated. very little; into the ſtem, 
VOOR; 515 eee weight, which, ſhews 
with 


* 
* & A 
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with what an abſolute force it advances: at 
__noowit:was ſunk one inch. 
9 Abril i th at 7 4. m. 24 Pry inches high 

Gm ſhine : at 7 p. m. 18 inches hig. 
April 14th at 7 4. m. 20 + inches high, 
at 9 4. m. 22 + 2, fine warm ſun-ſhine 3 

here ve ſee that ahe warm morning ſun 
gives a freſh vigour to the ſap. At 11 4. m. 
the: ſame day 16 + , the _ PRs 
tion of the ſtem makes it ſink. 
_ Aprilx6that 6 4. m. 19 +4 rain. Ara 
pP. m. 13 inches. The ſap (in che foregoing 

Experiment, numb. 34) riſen this day ſince 
noon 2 inches, while this ſunk by the per- 
ſpiration of the ſtem; which there was lit- 
tle room for, in . ON er ſtem of vey 
other - ©: - 

April 17 at 11 4. n. 24 pede 4 mch b high, 
rain and warm; at 7 p. n. 29 + 2, fine 
warm rainy weather, which made the ſap 
riſe all day, there being little e e 5 
* reaſon of the rain. = 
Afril 18th at 7 4. 1. 32 PEE Webes 
high, and would have riſen higher, if there 

had been more mercury in the gage; it be- 
ing all forced into the leg y S. From this 


rr ea 5th, the force gradually decreaſed. 
| The 
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20 Tbe greateſt height of the mercury be. 
ing 32 + 1 inches; the force of the ſap 
was then as pF 0 50 9 5 5 of i inches 
height of Water 295 11 
Here the force of the riſing api in 5 mor- 
| ning is plainly owing to the energy of the 
root and ſtem. In another like mercurial 
gage, (fixed near the bottom of a Vine Which 
run 20 feet high) the mercury was raiſed by 
the force of the ſap 38 inches equal to 43 

feet + 3 inches A 3 height of water. 
Which force is near five times greater than 
as force of the blood in the great crural ar- 
tery of a Horſe; ſeven times greater than 
the force of the blood in the like artery of 
a Dog; and eight times greater than the 
blood's force in the ſame artery of a fallow 
Doe: Which different forces 1 found by 
tying thoſe ſeveral animals down alive upon 
their backs; and then laying open the great 
left crural artery, where it firſt enters the 
thigh, I fixed to it (by means of two braſs 
pipes, which run one into the other) a glaſs 

tube of above ten feet long, and zth of an 
inch diameter in bore : In which tube the 
blood of one Horſe roſe eight feet, three in- 


9 and the blood of another Horſe eight 
feet, 


18 „ fell d "ITY 


feet nine inches. The blood of alittle Dog 


ſix feet and half high: In a large Spaniel ſe- 
ven feet high. The blood of ae Doe 


mounted 101 Beet ſeven inches. di HSA 


8 8 
1 1 * 9 * * 2 q "I ”" Y * 2 
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EXPERIMENT Il. 


© April lt, I fixed alan avercurhal gigen 


(Fig. 19.) a, 6; to a Vine, on a ſouth- eaſt 


aſpect, which was 50 feet long, from the 


root to the end 7 . The top of the wall 


was tr + © feet high ; from i to ł, 8 feet 3 


from E to e, 6 feet + +; frometo's, 1 foot 


+ 10 inches; from e to o, 7 feet; From o to 


b,s + feet; from o to c, 22 dect 9 inches; ; 
from o to , 32 feet 9 inches. + BOU 

The branches to which a and c were abe 
were thriving ſhoots two years old, but the 


branch o b was much older. 
When I firſt fixed them, the mercury. was 


puſhed: by the force of the ſap, in all the 
gages down the legs 4, 5,135 {oasto1 re! nine 
| inches higher in the other legs. CF 
"The next morning at 7 4. m. the mercury 
in à was puſhed 14 Þ l e in 0 12 
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The greateſt height to which they puſhed 
the ſap ag was 421 _ 26 n | 
0 26 inche. 

The mercury c ſubſ "ry by: he 
retreat of the ſap. about 9 or 10 in the 
morning, when the Sun grew hot; hut in 
a very moiſt foggy morning the ſap was 
later before it retreated, vi. till noon, or 
ſome time after the fog was gone. 
About 4 or ; a clock in the afternoons 
when the Sun went off the Vine, the ſap 
began to puſh afreſh into the gages, ſo as 

to make the mercury riſe in the open legs; 
but it always roſe faſteſt from Sun _ till 

9 or 10 in the morning. 

The ſap in 6 (the oldeſt fiem) plaid the 
n+ freely to and fro, and was therefore 
ſooneſt affected with the changes from hot 
to cool, or from wet to dry, and vice verſa. 

And April ro, toward the end of the bleed 
ing ſeaſon, 6 began firſt to ſuck up the 
mercury from 6 to 5, ſo as to be 4 inches 
higher in that leg than the other. But 
April 24, after a night's rain, & puſhed the 
mercury 4 inches up the other leg, 4 did not 
begin to ſuck till April 29, viz. 9 days after 
4 3 Cc: did not _ to ſuck till ay 3. VIS, 

I3 days 


ſe x . 1 8 : * : | 
— —— — — ADS 94 PCC 22 ve D * 


2 
* 
4 


ot Lays: aſter 6 ide: days after: 4. Me 4 


at-7 a. M. 4 puſned 1 inch, 41 88 
towards noon they all three ſucked. 


I have frequentiy obſerved the ame dit. 
8 in other Vines; here the like gages 


have been fixed at the ſame time, to old 
and young branches of the ſame Vine, vis. 
the oldeſt began firſt to-fuck.-! -: 


In this Experiment we ſee the great 8 


of the ſap, at 44 feet 3 inches diſtance from 


the root, equal to the force of a column of 


water 30 fect 14 inches - 4 high. 
From this Experiment we fee too, that 


this force is not from the root only, but 


muſt alſo proceed from ſome power, in the 
tem and branches: For the branch & wass 

much ſooner influenced by changes from 

warm to cool, or dry to wet, and vice ver- 
a, than the other two branches à or e; and 


6 was in an imbibing ſtarg, 9 days before 


a, which was all: that time in a ſtate of puſh- | 
ing ſap; and c puſhed 13 days after 4 had 
ceaſed bang and: Was in an ee 
ſtate. 


Which imbibing five: int dns PINS 
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branch, as. I have found by fixing the, ehe 
ages to them in 7 uly. 66 28t 0M 


WAY: 318 1 28. i 
ANA i. 


by £200 4.3 
* 
4 


March 10, at the beginning of hs 3 | 
ing ſeaſon, (which is many days ſooner or 


later, according to the coldneſs or warmth, 


moiſture or dryneſs of the ſeaſon) 1 then 7 


cut off a branch of 4 vine h fc g at 6, (Fig. 


20.) which was 3 or 4 years old, and ce- 
mented faſt on it a; braſs - collar, with a 


ſere w in it; to that I ſcrewed another, braſs- 
collar, which was cemented faſt to the glaſs 


tube , 7 feet long and 3 inch diam. (which. 
1 find to be the e ee diam.) to that 
I ſcrewed others, to 38 feet height, Theſe 


tubes were faſtened and ſecut d in long 


wooden tubes, 3 inches ſquare, one ſide of 
which was a door opening upon hinges ; 
the uſe of thoſe wooden tubes was to pre- 


ſerye the glaſs tubes from being broke by 


the freezing of the ſap in them in the 


night. But when the danger of hard froſts | 
Was pretty well over, as at the beginning of 


Abril, then I uſually fixr the glaſſes with- 


out. EE: wooden Tubes, faſtening. them to 
nn „ 
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its NIN Seel c Nas 3. 3 
. ſcaffold poles, or two 1 iron a ſpikesdrove f 
into „e walt. N | 


Before I procced to give. an account — | 
the ri fall of the fap, in the tubes, I |} || 
will firſt deſcribe the manner of cement- 1 

ing on the braſs. collar &, to the ſtem of the 

vine in which I have been often diſappoint. 

ed, and have met with difficulties; it wal 

therefore be done with great care. 
Where I deſign to cut the — 1 firſt 
pick off all the rough ſtrinngy bark cateful- 

I y with my nails to avoid making any wound 
| thro the green inner bark then I cut off 
El. the branch at 2, (Fig. 21.) and immediately 
| draw over the ſtem a piece of dried ſheeps- 
aut, which Itye faſt, as near the end of the i | 
ſtem as J can, ſo that no ſap can get by it 
the ſap being confined in the gut f: Then 
wipe the ſtem at 7 very dry with a warm 
cloth, and tye round thè ſtem a ſtiff paper \ 


funnel x 4, binding it faſt at x to the tem; 

and pinning cloſe the folds of the paper from [ 

xto#: Then I ſlide the braſs collar r over 
the gut, and immediately pour into the pa- 
per funnel melted brickduſt cement, and 
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then ſer the braſs-· collar into it; which col- 
duns is warmed, and dipped before in the ce- 
en OT ment; 
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cement; that it may the better now adhere: 
When the cement is cold, I pull away the 
gut, and ſctew on the glaſs tubes. 
But finding ſome inconvenience in this 
hot cement (becauſe its heat Kills the ſap 
veſſels near the bark, à8 is evident by theif 
being diſcoloured) I have ſince made uſe of 
the cold cement of Bees: wax and Turpen- 
tine, binding it faſt over With wet blad- 
der and packthread, as in Exper. 34. 
Inſtead of braſs-collars, which ferewed 
into each other, I often (eſpecially with the 
Syphons in Exper. 3. and 38.) made uſe 
of two braſs-collars, which were turned a 
little tapering; ſo chat one entered and ex. 
Lan ,d, Ie TT 
This joining of the two collars was cf: 
fectually ſecuted from leaking, by firſt a- 
nointing them with a ſoft cement; and 
they were ſecured from being disjoined, by 
the force of the aſcending ſap, by twiſting 
Pack- thread round the protuberant knobs 
on the ſides of the collars. When I would 
ſeparate the collars, ; I found it neceſſary 
{except in hot Sunſhine) to melt the ſoft 


cement by applying oy irons on the out- 
| "fide" of the collars. ; 


. It 


114 1 egetable Haticks, - 


It is ; needful to ſhade all the. cemented 
joints from the Sun with looſe folds of 
paper, elſe its heat, will often melt them, 
and ſo dilate the cement, as to make it 
be drove forcibly up the tube „Which de- 
feats the Experiment. F 

The Vines to which the tubes in { chis Ex- 
periment were fixed, were 20 feet high from 
the roots to their top; and the glaſs. tubes 
fixed at ſeveral heights b from the ground, 
from fix to two feet. 

The ſap would riſe, in the 8 — firſt 
day, according to the different vigor of the 
bleeding ſtate of the Vine, either 1, r 4 
12, 15, or 25 feet; but when i it had got! to its 
grcateſt height for that day, if it was in the 
morning, it would conſtantly begin to ſub- 
fide towards noon. _ 
mie weather was very cool a the 

middle of the day, it would ſubſide only 
from 12 or 12, to two in the afternoon; 
but if it were very hot weather, the ſap 
would begin to ſubſide at 9 or 10 a clock, 
and continue ſubſiding till 45 5 1 or 6 in the 
evening, and from that time it would con- 
tinue ſtationary for an hour or two; after 
which it t would * to riſe a little, but 
not 
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not much in the night, nor till after the Sun 
Was up in the bre e at en thang. it 
roſe faſteſt. - 37 1 bs nap 
The Sadler the cut of the Vine was, — au 
th warmer the weather, the more the ſap 
would AP 4 1 in a day, a8 * ors 


| feet. >; f ET 1 


But 71 it were 5 or 6 len Few ho Vine 
was cut, it would riſe or ſubſide but Jittle; 
the ſap · veſſels at the en, cut ! being 
ſaturate and contracted. » 6 tn 
But if I cut off a ler or two of the 

ſtem, and new fixed the tube, the ſap would 

then riſe and ſubſide, vigorouſly. 5 
| Moiſture and warmth, ebe the, 19 po 
vigorous. . Yet; t 

If the e ot - middle of the. bleed- 
ing ſeaſon being very kindly, had made the 
motion of the ſap vigorous ; that vigour 
would immediately b be eng abated 1 
cold eaſterly winds. - 
a * tate, erg. Was 2 cold wind wha a 
mixture of ſunſhine. and cloud ; "> when the 
Sun was clouded, the ſap would immediate 
thr viſibly: ſubſide, at the rate of an inch! in 
a minute bor fever nc] 
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tinued ſo long clouded': But as foon'as the 
Sun beams broke out again, the ſap would 
immediately return to its then riſing ſtate, 


juſt as any liquor in” a Thermometer  tiſcs 


and falls with the alternacies of heat and 
cold; whence tis probable; that the plen- 
tiful riſe of the ſap in the Vine in the bleed- 
ing ſeaſon is effected in the ſame manner. 
When three Tubes were fixed at the 


ſame time to Vines on an eaſteru, à ſouth- 


ern, and a weſtern Aſpect, round my porch; 


the ſap would begin to riſe in the morn- 
ing, firſt in the eaſtern- tube, next in the 


ſouthern, and laſt in the weſtern· tube: And 

towards noon it would accordingly begin 
to ſubſide, firſt in the eaſtern- tube, next in he | 

ſouthern, and laſt in the weſtern · tube. 
Where two branches aroſe from the tame 


old weſtern trunk, 15 inches from the 


Veen Aſpect; and der were at ihe 
fame time fixed to each of them; the ſaß 
would in the morning, as the Sun came on, i 
riſe firſt i in the ſouthern, then in the weltern- 
tube; and would begin to ſubſide, fats in the 
ſouthern, , men in the Weſtern tude⸗ 
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ain and warmth, after cold and dry, 
| would: make tlie ſap riſc all the next day, 
without ng” tho' it would riſe then 
ſloweſt about noon; becauſe in this 
cad the quantity imbibed by the root, and 
_ raiſed from it, nenen the e . 

The op W to riſe Sbnet in the morn: 
ing in cool weather, tha after hot days; 
the reaſon of which may be, becauſe in hot 


weather much being evaporated, it is not 


ſo ſoon ſupplied by the roots as in mah wea- 
W when leſs is evaporated. 2 . 
In a prime bleeding ſeaſon I fixt a ; tubs 
235 feet long to a thriving branch two years 
old, and two feet from the ground, where 
it was cut off; the ſap flowed ſo briskly, 
as in two hours to flow over the top of the 
Tube, which was 7 feet above the top of 
the Vine ; and doubtleſs would have riſen 
higher, if I had ns prepared to lengthen 
lie tube. 
When at the diſtance of 4 or 5 days, 
tubes were affixed to two different branches, 
| which came from the ſame ſtem, the ſap 
would riſc higheſt in that which was laſt fix- 
00 ; reit in the fixing the ſecond tube there 
BEI FF” Was 
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vas much ſap loſt, the ſap would ſubſide! in 
the firſt tube; but they would not afterwa 
have their ſap in Equilibrio; z. e. the ſurface 
of the ſap in each was at very unequal heights; 
the reaſon of which is, becauſe of the difh-. 
culty with which the ſap paſſes; thto the 
| almoſt ſaturate and contracted ue 
of the heit cut ſtem. £4.27 ng ©: 
In very hot weather many air bubbles 
would riſe, ſo as to make a froth an inch 
deep, on the top of the ſap in the tube. 
I fixt a ſmall air Pump to the top of 2 
long Tube, which had 12 feet height of ſap 
in it; when I pumped, great plenty of bub. 
bles aroſe, tho' the ſap did not riſe, but fal 
a little, after I had done pumping. 
In Experiment 34. (where a Tube was 
fixed to a very ſhort, ſtump of a Vine, with- 
cout any lateral branches) we find the ſap 
roſe all day, and faſteſt of all in the greateſt 
heat of the day: But by many obſervations 
under the 37th and this 38th Experiments, 
we find the ſap in the tubes conſtantly ſub- 
ſided as the warmth came on towards the 
middle of the day, and faſteſt in the greateſt 
heat of the day. Whence we may reaſon- 
| ably n (conſidering the great per- 
_ 


_ 
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ſpirations of trees, ſhewn in the firſt chapter) 
that the fall of the ſap, in theſe ſap gages, 
in the middle of the day, eſpecially in the 
warmer days, is owing to the then greater 
perſpiration of the branches, which perſpi- 
ration decrcaſes, as the heat decreaſes to- 
wards evening, and probably an ceaſes 
when the dews fall. 

But when towards the latter end of April, | 
the ſpring advances, and many young ſhoots 
are come forth, and the ſurface of the Vine 
is greatly increaſed, and enlarged by the 
expanſion of ſeveral leaves; whereby the 
perfpiration is much increaſed, and the ſap 
more plentifully exhauſted, it then ceaſes to 
flow in a viſible manner, till wy return of 
the following ſpring. 

And as in the Vine, ſo is ne caſe the 
ſame in all the bleeding trees, which ceaſe 
bleeding as ſoon as the young leaves begin to 
expand enough, to perſpire plentifully, and 
to draw off the redundant ſap. Thus the bark 
of Oaks and many other trees moſt eaſily ſe- 
parates, while it is lubricated with plenty of 
ſap: But as ſoon as the leaves expand ſuffici- 
ently to perſpire off plenty of ſap, the bark 
will then no longer run (as they term it) but 


adheres moſt firmly to the wood. 
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by dilates the ſtem. 


EXSERIMENT XXXIX. 


ow order to try 11 1 could perceive: the 
ſtem. of the Vine. dilate and contract with 
heat or cold, wet or dry,. a bleeding or not 
blecding ſeaſon, ſome time in February, 1 
fixt to the ſtem of a Vine an inſtrument in 
ſuch a manner, that if the Stem had dilat- 


ed or contracted but the one hundredth 
part of an inch, it would have made the 
end of the inſtrument, (which was a piece of 
ſtrong braſs-wire, eighteen inches long) riſc 


or fall very ſcnſibly about one tenth of an 


inch; but I could not perceive the inſtru 
ment to move, either by heat or cold, a 5 


bleeding or not bleeding ſeaſon. Yet 
whenever it rained the ſtem dilated ſo as to 
raiſe the end of the inſtrument or lever 

of an inch, and When the ſtem was dry 


| ir ſubſided as much. 


This Experiment ſhews, that the a (even 


in the bleeding ſeaſon) i is confined in its pro- 
per veſſels, and that it does not confuſedly 
pervade every interſtice of the ſtem, as the 
rain does, which entering at the perſpiring 


pores, ſoaks into the inen and waa 


CHAP; 
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4 0 H: A P. W. it: bit 
2 ſbe ring the 051 Redo mo- 
tian of the ſap, and conſequently the late. 
ral communication of the ſap veſſels. The 
rer paſſage of it from the ſmall branches 5 
toward the ſtem, as well as from the ftem 
Tv the branches. With an account of ſome 
Experiments, relating to ng epeulatim 6 or 
"ow een of the ſap.” n 


ExynnanenT: Al «VL pts 


-N coder to find hi how was 5 any 
lateral communication of the ſap and 
yo veſſels, as there is of the blood in a- 
nimals, by means of the ramiſications, and 
lateral communications of their veſſels: 
Auguſt 1 5th, Itook a young Oak branch 
2 inches diameter, at its tranverſe cut, 6 feet 
high, and full of leaves Seven inches from 
the bottom, I cut a large gap to the pith, - 
an inch long, and of an equal depth the 
whole length: And 4 inches above that, on 
the oppoſite ſide, I cut ſuch another gap; I 
ſet the great end of the ſtem in water: It 
| paging and n in ta nights and two 
days 
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days 13 ounces, while another like oak 


branch, ſomewhat bigger than this, but with 


no notch cut in its e ade 2 5 0 
of Water. 
At the Dn: time I red the like Hater: 


with a Duke-Cherry branch; it imbibed and 
| perſpired 23 ounces in 9 hours the firſt day, 


and the next day 15 ounces. _ 

At the ſame time I took another Dake- 
Cherry branch, and cut 4 ſuch ſquare gaps 
to the pith, 4 inches above cach other ; the 
1ſt North, 2d Eaſt, 3d South, 4th Weſt: It 
had a long ſlender ſtem, four feet length, 
without any branches, only at the very top; 


yet it imbibed in 7 hours day 9 ounces, and 


in two days and two nights 24 ounces. 
We ſee in theſe Experiments a moſt free 


lateral communication of the ſap and ſap 
veſſels, theſe great quantities of liquor ha- 


ving paſſed laterally by the gaps ; for by 


Experiment 13, 14, 15. (on Cylinders of. 


wood) little evaporated at the gaps. 
And in order to'try, whether it would 


not be the ſame in branches as they grew 


on trees, I cut two ſuch oppoſite gaps in a 
Duke-Cherry branch, 3 inches diſtant from 


cach other: The leaves of this branch con- 


8 2 


6 
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„ 


tigũed green, within 8 or 10 days, as long 


9 25 the leaves on ain other branches of the 


ſame tre. 

The ſame day, 4 Vis. „ Auguſt ok 1 cut 
two ſuch oppoſite gaps 4 inches diſtant, in 
an horizontal young thriving Oak-branch ; 
it was 1 inch diameter, 18 days after many, 
of the leaves begun to turn yellow, which 

none of the leaves of other boughs did then. 
The ſame day I cut off the bark for one 
inch length, quite round a like branch of the 
ſame Oak; 18 days after the leaves were as 
green as any on the ſame tree; but the leaves 
fell off this and the foregoing branch early 
in the winter; yet continued on all the reſt 
of the boughs of the tree ene the ""_ 7 
ones) all the winter. = 

The Game day I cut four fuch gaps, 2 in- 
5 3 wide, and 9 inches diſtant from each 
other, in the upright arm of a Golden-Re- 
nate tree; the diameter of the branch was 
2 ++ inch, the gaps faced the 4 cardinal 
points of the compaſs; the apples and leaves 
on this branch flouriſhed as well as thoſe 
on other branches of the ſame tree. | 

| Hers: again we ſee the very free lateral 

TO paſſage 


EXPERIMENT XII. 


Wes” 13. eee eee : 


of an Apple-tree, (Fig. 22.) and cemented 
up the tranſverſe cut, at the great end x, and 
tyed a wet bladder over it: I then cut off 
the main top branch at &; where it was $ 
inch diameter, and ſet it 5. inverted into 
the bottle of water ö. 12A 
In three days and two nights it - imbibed 
| ak perſpired 4 pounds 4+ 2 ounces + + of 


water, and the leaves continued green; the 


leaves of a bough cut off the ſame tree at 


the ſame time with this, and not ſet ig 


water, had been withered 40 hours before. 
This, as well as the great quantities imbibed 
and perſpired, ſhews, that the water was 
drawn from & moſt freely to e, 7, g, h, and 
from thence down their reſpective branches, 
and ſo perſpired off by the leaves. 
This Experiment may ſerve to explain the 
reaſon, why the branch 6, (Fig. 23.) which 
grows out of the root e x, thrives very well, 
| notwith-⸗ 
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notwithſtanding” the root c is here ſup: 
poſed to be cut off at c, and to be out of 
the ground: For by many Experiments in 
the firſt and ſecond chapters, it is evident, 
that the branch 6 attracts ſap at x with 
great force: And by this preſent Experi- 
ment, tis as evident, that ſap will be drawii 
as freely downwards from the trec tb *, ag 
from e to x, in caſt the end c of the root 
were in the grount; whence tis no won 
der, that the branch 5 thrives: —_ the? 
there be no circulation of the ſap. 12 
This Experiment 4, and Ape 265 
a: alſo ſhow the reaſon Why, where thee 
trees (Fig. 24) are inarehed, and thereby 
Incorporated. * and , the middle tres 
will chen grow, tho” it be ame Hs its 
roots; or the root be tug ont of the ground} 
and ſuſpended in the air; v. becauſe the 
middle tree 6 attracts nouriſhment ſtrongly 
at and 2, from the adjoyning trees 4 c, in 
the ſame manner as we ſee the inverted. 
8 bonghs | inmblbed water in theſe 1 wy 
and 171. 5 eiten 5 


A af from the 5 Nerü it is that Bl- 15 


| ders, Sallows, Willows, Briars, Vines, and 
e + | 9 os 5 A FEES moſt 
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ſed in the large ve 


i the veſſel}; chat the 
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ad wil mow: in an n inverted _ 5 


bp AP 4 . 4222 * 43 * 5 10 15 7 2 Ft 2 
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b-were very green; in 8 days the br: 


of the Due. Cherry was: much withered ” 
but the-Gurrans:and Appl branch b did not 


fade till the eleventh day: Whence tis plain. 


by the quantities that muſt be perſpired in 
eleven days, to keep the leaves 6 green ſo. 


ong. and by e of the water, out 
ſe houghis m 


drawn much water, Fm and thro' the o.. 


ther boughs and leaves g whi n Were um- 
e an” the 28 of MT: 5 


„nin 4093 zal! 


8 oe eee "he: e's 2 
el of water e d, the 
ther branch hanging in the open air: hung 
on a rail, at the ſame time, other branches 
of the ſame ſorts, which were then cut off. 
Aſter thret days thoſe on the rails were: very 
much withered and dead, but the branches 
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Fl repeated. the like Exp: riment. on ya 
Guo of Vines and Apple- trecs, by run 
ning their boughs as they grew into large 
glaſs chymical retorts full of water, where 


the leaves continued green f for ſeveral weeks, 


and imbibed conſiderable quantities of water. 

*F his ſhews. hoy. very probable, it is, that 
rain and dew is ; imbibed by ve 
cially i in dry ſeaſons. 1 


57 
+ | 


Which is further confirmed by. Ex 5 
| ments. lately made on new . planted. trees; 
where by frequently waſhing the bodies 
oft the moſt unpromiſing, they have out-ſtrip- 


ped the other trees of the ſame. plantation. 
And Mr. Miller adviſes % Now and then 


in an evening to water the head, and with 


6 a bruſh to waſh and ſupple the bark all 


* round the trunk, which { fays he) I have 
44 often found very ſerviceable.. Supplement 


1 


to his Gardener's Didtionar 
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ene cha: of as Nabe Syphon F Bur fel 
I cut away the bark, and laft year's ritigler” of 
wood, for 3 nches length to 7. Ithen fil 

led the tube With Water, which Was 12 feet 
| = and? 1 inch — 8 firſt cur 


ws water was very frevly imbibed, vi 2. 2 | 
the rate of 3 ＋ ? inches in a minute. In 

Half and hour's Are I could plainly petceive 
che lower part of the gap y to be moiſter 
than before; when, at the ſame time, the up- 
: ”* part of the wound looked white and dry. 
Now in this caſe the water 1 muſt neceſſa. 
Bly aſcend from the tube, chro' the inner- 
moſt wood, becauſe the laſt year's wood was 
cut away, for 3 inches length all round the 
tem; and conſequently, if the ſap in its na. 

"rural courſe deſtended by the M year S ring 
let of wood, and between that and the bark 
(as many have thought) the water ſhould 
have deſcended by the laſt year's wood, or the 
bark, and ſo have firſt moiſtened the upper 
part of the gap y; but on the contrary, the 
5 Jower: e eee . e upp 
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Dake Cherry — but hy not perceive: 
more moiſture at the upper, than the lower 
part of the gap, which ought to have been, 
if the ſap deſcends by- the laſt year's wood 
or the bark. 

It was the ſame in a Quince branch as 


the: Duke Cherry. 


VN. B. When Ln a. notch ic in eichgt of | 
theſe branches, 3 feet above r, at q, I could 


neither ſee nor feel any moiſture, not with- 


ſtanding there was at the ſame time a great 
quantiey;of water paſling by; for the branch 


| imbibed at the rate of 4, 3 or 2 inches per. 


Sm: of a cone of Water ichn Was 


| balk inch diameter. 


The xeaſon of oh Ant of this + 5 


q is evident from Experiment 11, vis. 


becauſe the upper part of the branch above, 
the notch imbibed and perſpired 3 or 4 
times more water, than a column of 7 


feet height of water in the tube could im- 
pell from the bottom of the ſtem to 4, 
which was z feet length of ſtem; and con- 


ently, the notch muſt neceſſarily be 


n ot withſtanding fo. large a ſtream of 
Water wa paſſing by 3 vis. becauſe the br anc 
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the ſap aſcends between the bark and wo 
8 well as by other parts. ic ts 


ſeem to be made broad and thin 


13 %/ Yagoable"Sunichh) © 
and ſtem re the notch was in a trongly 


imbibing ſtate, in order to apply the © get 
"creme of ths men by 


#. : & * 


Exyrnrment xy.” en 


L 


Auguſi oth at 10 4. . 1 fix'd in the et 


2 manner (as in the foregoing Experiment) 
4 Duke Cherry branch 5 feet high, and 1 inch 
diameter, but did not cut away any of the 


bark or wood at the great end; I filled the 


tube with water, and then cut alice off the 


bark an inch long, 3 inches above the great 

end; it bled at the lower part moſt 1 

while the upper part continued dry. 2 
The ſame day I tryed the ſame Experi- 


ment on an Apple-branch, Oe" it _ "oc 
fame effect. oy” 5 


From theſe Experiments is en tha 8 


And ſince by other Experiments it FR found 


that the greateſt part of the fap is raiſed by 


the warmth of the Sun on the leaves, wee 


purpoſe; for the ſame reaſon, it's ee — 


PALE, it ſhould riſe alſo in thoſe parts 


_ 


4 


; bark IS. „ 

And when we cotillders that the cap 
ſets are ſo very fine, as to reduce the ſap al- 
moſt to a vapour, before it can enter them, 
the Suns warmth on the bark ſhould moſt 
eaſily. diſpoſe ſuch We mae to Wh er 
s of deſc nding. 


1 * it it; 


ws | 15 (EXPERIMENT XIV. 


* 
* * . S * 


bo © Fuly PH 1 took edel ae ig 


rans, Vines, Cherry, Apple, Pear and Plum- 
tree, and ſet the great ends of each in veſſels 
| of water x, (Fig. 31.) but firſt took the bark 
for an inch off one of the branches, as at &, 
to try whether the leaves above & at 5 


would continue green longer than the leaves 

of any of the other branches a, c, 4; but 1 

Could find no difference, the leaves wither- 
ing all at the ſame time: Now, if the re- 
turn of the ſap was ſtopped at , then it 


would be expected, that the leaves at i ſhould 
continue green, longer than thoſe on the o- 

cher branches, which did not happen, neither 
* were n moiſture: a at 9 
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In Auguſt, 10 cut t off che bark for an inch 
round, of a young thriving Oak- branch, on 
the North. Meſt ſide of the tree. The leaves 
of this and another branch, which had the 5 
bark cut at the ſame time, fell early, VIS, 
about the latter end of October, when the 
leaves of all the other branches of the ſame 
tree, except thoſe at the very top of the 
tree, continued on all the winter. 

T his is a further proof, that leſs ſap goes 
to branches which have the bark, cut off, 
than to others. 

The 19th of April Wei he buds of 
this branch were 5 or 7 days forwarder than 
thoſe of other branches of the ſame tree; 
the reaſon of which may probably be, be- 
cauſe leſs freſh crude ſap coming to this 
branch than the others, and the perſpirati- 
ons in all branches being cæteris paribus 
nearly equal, the leſſer quantity of ſap in 
this branch muſt ſooner be inſpiflated into 
a glutinous ſubſtance, fit for new. produc- 


Won * the . of other branches, that 
Od. abounded 


” * 4 * 


Pegetable Statick. 1 33 
N abounded with a HON piracy of freſh thin 
The ſame is the reaſon why: Apples, 
' Pears, and many other fruits, which have 
5 ſome of their great ſap veſſels eaten aſunder 
by inſects bred in them, are ripe many days 
before the reſt of the fruit on the ſame trees; 
As alſo that fruit, which is gathered ſome 
time before it is ripe, will ripen ſooner than 
if i it had hung on the tree, tho' it will not 
be ſo good; becauſe in theſe caſes the worm- 
eaten fruit is deprived of part of its nouriſh- | 
ment, and the green gathered fruit of all. 
And for the ſame reaſon ſome fruits are 
ſoc oner ripe towards the tops of the trees, 
than the other fruit on the ſame tree; vis. 
not only, becauſe they are more expoſed to 
the ſun; but alſo, becauſe being at a greater 
diſtance from the root, they have ſome 
what leſs nouriſhment. _ 
And this is, doubtleſs, one avis why 
plants and fruits are forwarder in dry, ſandy 
or gravelly ſoils, than in moiſter ſoils; vis. 
not only, becauſe thoſe ſoils are warmer 
on account of their dryneſs; but alſo, be- 
cCauſe leſs plenty of moiſture is conveyed up 
the plants; which plenty of moiſture, tho 
K 3 it 


> 


I3 4 Pegetable Staticks. 
it promotes their growth, yet retards their 
coming to maturity. And for the ſame 
reaſon, the uncovering the roots of trees 
for ſome time, will make the fruit be conſi · 
derally the for warder. 

And on the other hand, where trees 1 
bound with too great a plenty of freſh drawn 
ſap, as is the caſe of trees whoſe roots are 
planted too deep in cold moiſt earth, 
alſo of too luxuriant Peach and At 
Wall trees; or which comes almoſt to the 
ſame, where the ſap cannot be perſpired off 
in a due proportion; as in Orchards, where 
trees ſtand too near each other, ſo as to hin- 
der perſpiration, whereby the ſap is kept in 
too thin and crude a ſtate; in all theſe caſes 
little or no fruit is produced. 

Hence alſo in moderately dry ſummers, 
ceteris paribus, there is uſually greateſt plenty 
of fruit; becauſe the ſap in the bearing 
twigs and buds is more digeſted, and brought 
to a better conſiſtence, for ſhooting out with 

vigour and firmneſs, than it is in cool moiſt 
ſummers: And this obſervation has been 
verified in the years 1723, 1724, and 1725. 
dee an account of them under it. . 20. 


But 
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But to return to the ſubject of the mo- 
tion of the fp ; when the ſap has firſt paſſed 


thro that thick and fine ſtrainer, the bark of 


. the root, we then find it in greateſt quanti- 
ties, in the moſt lax part, between the bark 


and wood, and that the ſame thro' the whole 
tree. And if in the early ſpring, the Oak 


and ſeveral other trees were to be examined 
near the top and bottom, when the ſap firſt 


begins to move, ſo as to make the bark ca- 
ſily run, or peel off, I believe it would be 


found, that the lower bark is firſt moiſtened; 
whereas the bark of the top branches ought 


firſt to be moiſtencd, if the ſap deſcends | by 
the bark: As to the Vine, I am pretty well 
aſſured that the lower bark is firſt moiſtened. 


We ſee in many of the foregoing Expe- 
riments, what quantities of moiſture trees 


do daily imbibe and perſpire : Now the ce- 


lerity of the ſap muſt be very great, if that 
quantity of moiſture muſt, moſt of it, aſ- 
cend to the top of the tree, then deſcend, 


and aſcend again, before it is s carricd off by 


perſpiration. 
The defect of a circulation i in vegetables 


ſeems in ſome meaſure to be ſupplied 4 


| the much h quantity of liquor, whic 
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the vegetable takes in, than the animal, 
whereby i its motion is accelerated; for by Br. | 
periment 1ſt, we find the Sunflower, bulk 
for bulk, imbibes and petſpires\'r7 times 
more freſh liquor than a man every 24 hours. 
- * Beſides, nature's great aim in vegetables 
being only that the vegetable life be carried 
on and maintained, there was no occaſion 
to give its ſap the rapid motion, WICK: Was 
neceſſary for the blood of animals. 
In animals, it is the heart which RE the 
blood in motion, and makes it continually 
circulate ; but in vegetables, we can diſco- 
ver no other cauſe of the ſap's motion, but 
the ſtrong attraction of the capillary ſap 
veſſels, aſſiſted by the brisk undulations and 
Vibrations, cauſed by the ſun's warmth, where- 

by the fap is carried up to the top of the 
talleſt trees, and is there perſpired off thro? 
the leaves: But when the ſurface of the tree 
is greatly diminiſhed by the loſs of its leaves, 
then alſo the perſpiration and motion of the 
ſap is proportionably diminiſhed, as is plain 
from many of the foregoing Experiments: ; 
So that the aſcending velocity of the ſap is 
. Principally accelerated by the plentiful per- 
1 * 9 of the leaves, thereby 2 room 
* | for 
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for the ae capillary veſſels to exert their 
valtly attracting power, which perſpiration 
is effected by the brisk rarifying vibrations 
of warmth: A power that does not ſeem 
to be any ways well adapted, to make the 
ſap deſcend from the tops of vegetables by 
differnt veſſels to the root. 6 

If the ſap circulated, it muſt needs have 
been ſeen deſcending from the upper part 
of large gaſhes, cut in branches, ſet in wa- 
ter, and with columns of water preſſing on 
their bottoms in long glaſs tubes, in Exp. 43, 
and 44. In both which caſes, it is certain 
that great quantities of water paſſed thro 
the ſtem, ſo that it muſt needs have been 
ſeen deſcending, if the return of the ſap 
downwards were by truſion or pulſion, 
whereby the blood in animals is returned 
thro* the veins to the heart: And that pul- 
fion, if there were any, muſt neceſſarily be 
exerted with prodigious force, to be able 
to drive the ſap thro the finer capillaries. 
Ss that if there be a return of the ſap down- 
| wards, it muſt be by attraction, and that 
a very powerful one, as we may ſee by many 


of theſe Experiments, and particularly by . - 
Rape 


nent 11. Bur it is hard to conceive, 
what 
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what and where that power is which can 
be equiyalent to that proviſion nature has 

has made for the aſcent of the ſap in conſe- 
quence of the great perſpiration of the leaves. 

The inſtances of the Jeſlamine tree, and 
of the Paſlion tree, have been looked up- | 
on as ſtrong proofs of the circulation of the 
ſap, becauſe their branches, which were far 
below the inoculated Bud, were gilded : 

But we have many viſible proofs in the Vine 
and other bleeding trees of the ſap's reced- 
ing back, and puſhing forwards alternately, 
at different times of the day and night. And 
there is great reaſon to think, that the ſap 
of all other trees has ſuch an alternate, re- 
ceding and progreſſive motion, occaſioned 
by the alternacies of day and night, warm 

and cool, moiſt and dry. 

For the ſap in all vegetables does proba- 
bly recede in ſome meaſure from the tops 
of branches, as the Sun leaves them; be- 
cauſe its rarifying power then ceaſing, the 
greatly rarified ſap, and air mixt with it, 
will condenſe and take up leſs room than 
they did, and the dew and rain will then 
be ſtrongly imbibed by the leaves, as is pro- 


bable f * Exper. 42, * ſeveral others; g 
1 whereby 


Vegetable Statcks., 139 
| whereby the body and branches of the ve- 
getable which have been much exhauſted by 
the great evaporation of the day, may at 
night imbibe ſap and dew from the leaves; 
for by ſeveral Experiments in the firſt chap- 
ter, plants were found to increaſe conſider- 
ably in weight, in dewy and moiſt nights, 
And by other Experiments on the Vine in 
the third chapter, it was found, that the 
trunk and branches of Vines were always 
in an imbibing ſtate, cauſed by the great per- 
ſpiration of the leaves, except in the bleed- 
ing ſeaſon; but when at night that perſpir- 
ing power ceaſes, then the contrary imbib- 
ing power will prevail and draw the ſap 
and dew from the leaves, as well as moiſture 
from the roots. 

And we have a fanhen —_ of this in 
Experiment 12, where by fixing mercurial 
gages to the ſtems of ſeveral trees, which 
do not bleed, it is found, that they are al- 
ways in a ſtrongly imbibing ſtate, by draw- 
ing up the mercuty ſeveral inches: Whence 
it is eaſie to conceive, how ſome of the par- 
ticles of the gilded Bud, in the inoculated 
Jeſlſamine, may be abſorbed by it, and there- 
17 con ; wnicate their ns Miaſma to the 
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fap of other branches; eſpecially when ſome 
months after the inoculation, the ſtock of 
the inoculated — . is cut off a lit. 
tle above the Bud; whereby the ſtoc 
which was the counter ating. part to the 
ſtem, being taken way, the ftem attracts 
mum vigorouſly from the Bult. 
Another argument for the Ae of 
the ſap, is, that ſome ſorts of graffs will 
 infe& and canker the ſtocks they are grafted 
on: But by Exper. 12 and 37, where mer- 
curial gages were fixed to freſh cut ſtems of 
trees, it is evident, that thoſe ſtems were 
in a ſtrongly imbibing ſtate; and conſe- 
quently the cankered ſtocks might very like- 
ly draw ſap from the graff, as well as the 
graff alternately from the ſtock ; juſt inthe 
ſame manner as leaves and branches do 
from each other, in the viciſſitudes of day 
and night. And this imbibing power of the 
ſtock is ſo great, where only ſome of the 
branches of a tree are grafted,” that the re- 
maining branches of the ſtock will, by their 
ſtrong attraction, ſtarve thoſe graffs; for 
which reaſon it is uſual to cut off the great- 
eſt part of the branches of the ſtock, Ieav. 
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i in only a few Aal. Ones. * an ht the 
Ker © un 
"Phe eee of this lex aged upon the 
Engliſh Oak, ſeems to afford a very con- 
ſiderable argument againſt a circulation. For 
if there were a free uniform circulation of 
the ſap thro the Oak and Ilex, why ſhould 
the leayes of the Oak. fall in winter, and not 1 
thoſe Ache lex IF 
Another argument, againſt a a un ime * 
en of the ſap in trees as in animals, 
may be drawn from Exper. 37. where it 
was found by the three mercurial gages fixt 
to the ſame Vine, that while ſome of its 
branches changed their ſtate of protruding 
ſap into a ſtate of imbibing, others con- 
tinued protruding ſap, one nine, and the 
other thirteen days longer 
In the ſecond Vol. of Mr. Leuben 
Alridgment of the Philoſ.: Tranſac. p. 798% 
is recited an Experiment of Mr. Brother- 
tons, vis. A young Hazel u, Fig. 27, was 
cut into the body at x & with a deep gaſh; 
the parts of the body below at S, and a- 
bove at x, were cleft upwards and down 
wards, and the ſplinters x & by wedges were 
kept off from touching each other, or the 
* reſt 
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reſt of the body. The following year, the 
upper ſplinter x was grown very much, but 
the lower ſplinter & did not grow, but the 
reſt of the body grew, as if there had been no 
gaſh made: I have not yet ſucceeded in ma- 
king this Experiment, the wind having 
broken at & & all the trees I prepared for 
it: But if there was a Bud at x which ſhot 
out leaves, and none at S, then by Exper. 
tis plain, that thoſe leaves might draw 
wei nouriſhment thro' t x., and thereby 
make it grow; and I believe, if, vice verſa, 
there were a leaf bearing Bud at ⁊, and none 
at x, that then the ſplinter would grow 
more than x. 
The reaſon: of my conj jeQure, 1 ground 
upon this Experiment, vig. I choſe two 
thriving ſhoots of a dwarf Pear. tree II 2a. 
Fig. 28, 29. At three quarters of an inch 
diſtance I took half an inch breadth of bark 
off each of them, in ſeveral places, - vis. 
2, 4, 6, 8, and at 10, 12, 14. every one of 
the remaining ringlets of bark had a leaf 
bearing bud, which produced leaves the fol- 


lowing ſummer, except the ringlet 13, which 


had no ſuch Bud. The ringlet 9 and 11 


* 4 4 grew and ſwelled at their bottoms, 
till 
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till Auguſt, bu but the ringlet 13 did not in- 
ereaſe at all, and in Auguſt the whole ſhoot 
2 withered and dyed; but the ſhoot 1 1, 

lives and thrives well, each of its ringlets 

ſwelling much at the bottom: Which ſwel. 
lings at their bottoms muſt” be attributed 


to ſome other cauſe than the ſtoppage of 
the — in its return downwards, becauſe in 
the t 11, its return downwards is in- 


terdepted three ſeveral times by cutting a- 


Way the bark at 2, 4, 6. The larger and 


more thriving the leaf bearing Bud was, and 
the more leaves it had on it, ſo much the 


more did the adjoining bark ſwell at the 


bottom. 


Fig. 30. Repreſents the pvatite of one of the 


diviſions in Fig. 28. ſplit in halves, in which 


may be. ſeen the manner of the growth of 


the laſt year's ringlet of wood ſhooting a lit- 
tle upwards at x x; and ſhooting down- 
wards and ſwelling much more at S S; 
where we may obſerve, that what is ſhot 


_ (endways, is plainly parted from the woot 


of the preceding year, by the narrow in- 
terſtices x 1, 2 7, hence it ſhould ſeem, 
TO the nnen of thee ns new 1 
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bres — Anden a bark. 
That the ſap does not deſcend — tween the 
bark and the wood, as the favonmm.ofe acir- 
culation ſuppole, ſeems e vident from ene: 
Viz, that if the bark be taken off for. 3 or 
I inches breadth quite round, the bleeding of 
the tree above that bared place will much 
abate, which ought to have the contrary 
effect, by intercepting the courſe of the re- 
fluent ſap, if the ſap deſcended by the bark. 
But the reaſon of the abatement of the 
| bleeding in this caſe may well bo account - 
ed for, from the manifeſt proof we have 
in theſe Experiments, that the ſap is ſtrong- 
ly attracted upwards by the vigorous opera- 
tion of the perſpiring leaves, and attracting 
Capillaries: But when the bark is cut off 
for ſome breadth below the bleeding place, 
then the (ap, which is between the bark and 
the wood below that disbarked place, is 
deprived of the ſtrong attracting power of 
the leaves, &. and conſequently the bleed- 
ing wound cannot be ſupplied ſo faſt with 
| ſap, as it Was before the bark was « en off. 
Hence alſo we have a hint for a probable | 
con jeture why: in the i disbarked 
| . | ſticks, 
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cks, 44 Fig. 285 29. the bark ſwelled 5 
more at the upper part of the disbarked 
ces than at the lower, Vis. becauſe thoſe 
lower parts were thereby deprived” of the 
plenty of nouriſhment which as brought 
to the upper parts of thoſe diſagied places, 
by the "ſtrong attraction of the leaves on 
the Buds 7, Ge. of which we have a fur- 
ther confirmation in the ringlet of bark 
No. 13. Fig. 29. which ringlet did not ſwell 
or gtow at either end, being not only de- 
prived of the attraction of the ſuperior leaves, 
by the bared placꝰ No. 12. but alſo with. 
out any leaf Bud of its own; whoſe branch- 
ing ſap Veſſels, being like thoſe of other leaf 
Buds rooted downwards in the wood, might 
thence draw ſap, for the nouriſhment of its 
ſelf and the adjoihing bar No. 13. But had 
theſe rooting ſap veſſeſs run upwards, in- 
ſtead of downwards, tis probable, that in 
that caſe the upper part of each ringlet of 
bark, and not the lower, would have ſwelled, 
by having nonriſhment thereby nne to 
it from the inmoſt wood. 
Wemay hence alſo ſee the reaſon why! 1 
When a tree is unfruitful, it is brought to 
bear * by the taking _ of bark eff 
* L. _ - From 
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from its branches, viz. EY th reby a2 
leſs quantity of ſap ariſing, it is better di- 
digeſted and prepared for the nouriſhment 
of the fruit; which from the greater quan- 
tity of oil, that is uſually found in the ſeeds, 
and their Containing veſſels, than in other 
parts of plants, ſhews that more ſulphur and 
air is requiſite for their production, than there 
is for the production of wood and leaves. 
But the moſt conſiderable objection a- 
gainſt this progreſſive motion of the ſap, 
without a circulation, ariſes from hence, vig. 
that it is too precipitate a courſe, for a due 
digeſtion of the ſap, in order to nutrition: 
Whereas in animals nature has provided, 
that many parts of the blood ſhall run a 
long courſe, before they are either applied 
to nutrition, or diſcharged from the animal. 
But when we conſider, that the great 
work of nutrition, in vegetables as well as 
animals, (I mean after the nutriment is got 
into the veins and arteries of animals) is chief- 
ly carried on in the fine capillary veſſels, 
where nature ſelects and combines, as ſhall 
beſt ſuit her different purpoſes, the ſeveral 
mutually attracting nutritious particles, which 
were hitherto kept disjoincd by the motion 
oats of 
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of their fluid vehicle; we ſhall find that 
nature- has made an abundant proviſion 
for this work in the ſtructure of vegetables; 
all whoſe compoſit ion is made up of no- 
thing elſe but innumerable fine capillary 
veſſels, and glandulous portions or veſicles. 
Upon the whole, I think we have, from 
theſe experiments and obſervations, ſuffici- 
ent ground to believe that there is no circu- 
lation of the ſap in vegetables; notwith- 
ſtanding many ingenious perſons have been 
induced to think there was, from ſeveral cu- 
I rious obſervations and experiments, which 
evidently prove, that the ſap does in ſome 
meaſure recede from the top towards the 
lower parts of plants, whence they were 
with good probability of reaſon induced to 
think that the ſap circulated. . 
The likelieft method effeQually and con- 
vincingly to determine this difficulty, whe- 
ther the ſap circulates or not, would be by 
ocular inſpection, if that could be attained: 
And I ſee no reaſon we have to deſpair of 
it, ſince by the great quantities imbibed and 
10 ſpired, we have good ground to think, 
that the progreſſive motion of the ſap is 
conſiderable in the largeſt ſap veſſels of 
5 L. 2 the 
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the tranſparent ſtems of leaves: And if our 
eyes, aſſiſted with microſcopes, could come 
at this deſirable ſight, I make no doubt, 
but that we ſhonld ſee the ſap, which was 
progreſſi ve in the heat of the day, would on 


the coming on of the cool evening, and the 


W dew be an one in the ſame a 


37 * % 4 4 


CHAP. V 


E. wperiments, whereby to prove, har a con. 


 fiderable quantity Es air is c inſpired 4 
1 lanto. : 


T is well known that air is a fie ela- 
ſtick fluid, with particles of very diffe- 
rent natures floating in it, whereby it is ad- 


mirably fitted by the great author of nature, 
to be the breath of life, of vegetables, as 
well as of animals, without which they can 
no more live, nor thrive than animals can. 
In the Experiments on Vines, chapter III. 
e ſaw the very great quantity of air, which 
Was continually aſcending from the Vines, 


thro' the ſap in the tubes; which. manifeſtly 


ſhews what plenty of it is taken in by vegeta- 


bles, and is rs: off fry the yy thro 


the leaves. 4 
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8 e n at 9 a.m; oF cennediies an Apple 
branch 6 (Fig 11.) to the glaſs tube 71 
£5: l put no water in the tube, but ſet the 
end of it in the ciſtern of water x, Three 
hours after I found the water ſucked up in 
the tube many inches to g; which ſhews, 
_ that. a. conſiderable quantity of air was im- 
bibed by the branch; out of the tube res: 
And in like manner did the Apricock- 
WEIS Tapes: _ EN imme air. ' 
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15 an a ner of Birch with the bak 
on, 16 inches long and 4 diameter, and ce- 
mented it faſt at &; (Fig. 32.) to the hole 
in the top of the air pump receiver ↄ p, 
ſetting the lower end of it in the ciſtern 
of water &; the upper end of it at 125 Was 
well cloſed up with melted cement. 

I then drew the air out of the receiver, : 
upon which innumerable air bubbles iſſued 
continually out of the ſtick into the wa- 
ter x. I * the receiver exhauſted all that 
Ar 1 9 ECT _ 
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day, and the following night, and till the 


4 next day at noon, the air all the while iſ- 
43 ſuing into the water x: I continued it thus 


long in this ſtate, that I might be well aſ⸗ 
ſured, that the air muſt paſs in thro the 
bark, to ſupply that great and long flux of 
air at x. I then cemented up 5 old eyes in 
the ſtick, between S and u, where little 
ſhoots had formerly been, but were now pe- 
riſhed, yet the air ſtill nne to Ow 
freely at x. | ov 

It was obſervable in this; and uy of 

the Experiments on ſticks of other trees, 
that the air which could enter only thro 
the bark between S and , did not iſſue in- 
to the watcr, at the bottom of the ſtick, 
only at or near the bark, but thro' the whole 
and inmoſt ſubſtance of the wood, and that 
chiefly, as J gueſs by the largeneſs of the 
baſes of the hemiſpheres of air thro the 
NY largeſt veſſels of the wood; which obſer- 
F| vation corroborates Dr. Grew's and Mal- 
Yi * opinion, that they are air veſſels. 
I then cemented upon the receiver the 
cylindrical glaſs yy, and filled it full of wa- 
ter, ſo as to ſtand an inch above the e 1 
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1 he air all continued to flow at x, but 
in an hours time it very much abated, and 


in two hours ceaſed quite; there being now 


no paſſage for freſn air to enter, and ſupply 
what Was drawn out of the ſtick. _ 
I then, with a glaſs crane: Pez off the 


water out of the cy linder 9. yet the air did 


not iſſue thro the wood at x. 


i therefore took the receiver with = 


Rick 3 in it, and held it near the fire, till the 


bark was well dryed ; after which I ſet it 
upon the air pump, and exhauſted the air, 
upon which the air iſſued as freely at x as 


it did before the bark had been wetted, and 


continued fo to do, tho I kept the renefrer 


exhauſted for many hours. 7X 
I fixed. in the ſame manner, as FR pre- 
cations Birch tick, three joynts of a Vine 


branch, which was two years old, the upper- 
moſt knot r being within the receiver; when 
1 pumped the air 1 mor freely a 


Water 1 x. 
I cemented faſt the! Apen cnt of the lick n 7 


and then pumped, the air ſtill iſſued out at x, 


5 tho I pumped very long, but there did not 


now paſs the a0th part of the air which 


e when the end z was not cemented. 
264 © 1 then 
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I then inverted the ſtick, placing # ſix in- 
ches deep in the water, and covered all the 
bark from the ſurface of the water to 
the top of the receiver with cement; then 
pumping the air which entered at the top of 
the ſtick, paſſed thro' the immerſed: part of 
the bark: When I ceaſed pumping for ſome 
time, and the air had ceaſed / iſſuing out; 
upon my repeating the u wee fit would 
again iſſue ou. e 00 Bn 

I found the ſame event in Birch and | 
Mulberry ſticks, in both which it iſſued moſt 
plentifully at old eyes, as if they were the 
chief breathing places for trees. 

And Dr. Grew obſerves, that “ the pores 
« are ſo very large in the trunks of ſome 


< plants, as in the better ſort of thick walk- 


< ing canes, that they are viſible to a good 
< eye, without a glaſs; but with a glaſs the 
© cane ſeems as if it were ſtuck: top full 
of holes, with great pins, being ſo large 
* as very well to reſemble the pores of the 
« skin, in the end of the n and 12 


of the hand. 


In the leaves of Pine they ie Y 
<« wiſe, through a glaſs, a very elegant ſhew, 


* landing all moſt e in rank and file, 


« thro' 


bY 

e A * 
* 
-£ 

1 


changed fre Or 
imbibing ſtate; © 
Il fix d in the ſame manner to the top of 


" tine M3 


ti -thro'! the length of the leaves.” " Greafs | 

e Plants. p. 127. 9} 29 
Whence it is very probable; that the air 

freely enters plants, not only with the prin- 


cipal fund of nouriſnment by the roots, 
but alſo throꝰ the ſurface of their trunks and 
leaves, eſpecially at night, when they are 


the air pump receiver, but without the cy- 
lindrical glaſs 35, the young ſhoots of the 
Vine, Apple tree and Honyſuckle, both e- 
reed and inverted; but found little or no 
air came either from branches or leaves, ex- 


cept what air lay in the furrows, and the 


innumerable little pores of the leaves, which 
are plainly! viſible with the microſcope. I 


tryed alſo the ſingle leaf of a Vine, both by 


immerſing the leaf in the water x, and let- 
ting the ſtalk ſtand out of the receiver, as 


alſo by placing the leaf out of the receiver, 


and the ſtalk in the glaſs of water CE but 
little or no air came either way. 
JLobſerve in all theſe Experiments, that 


he air enters very flowly at the bark of young 
| ſhoots: and branches, but nen more frecly 


thro! 


\ 


1 e to a uy ; 


— = _— — — — — —  —————— 


— —— — 


theo old bark: And in ith kinds 1 
trees it has very eee degrees of 
or leſs free entrance. 416 - oe 
I repeated the . 8 \ le- 
veral roots of trees: The air paſſed moſt 
freely from n to x; and when the glaGveſ- 
ſel y was full of water, and there was no 
Vater in x, the water paſſed at the rate of 
3 ounces in 5 minutes; when the upper 
end u was cemented up, and no water in y, 
ſome air, tho not in great plenty, would 
enter the bark at æ f, an AR thee the Wa 
ter at Kc. 
And that there is Gove air both i in an 
elaſtick and une laſtick ſtate, mix d with the 
carth, (which may well enter the roots with 
the nouriſhment) I found by putting into 
the inverted glaſs 5 E 4 à full of water 
(Fig. 35.) ſome earth dug up in an alley in 
the garden, which after it had ſtood ſoak- 
ing for ſeveral days, yielded a little elaſtick 
air, tho the carth was not half diſſolved. 
And in Experiment 68. we find that a cu- 
bick inch of earth yielded 43 cubick in- 
ches of air by diſtillation, ' a good part of 
which was rouſed by the action of, _ _ 
Foes a fix d to an elaſtick £ — 250; 
a 71 I fixed 
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I fixed alſo in the fame manner young 

tender fibrous roots, with the ſmall end 
upwards at n, a the veſſel y full of Wa- 
ter; then upon pumping large drops of wa- 
ter followed each other faſt, and fell into 
the _ a en had no Water in it. 


CHAP: VI. 


4 Nene of an attempt to anahze the Air 
by a great variety of chymio-flatical Ex- 
8 periments, which ſbew in how great a pro- 

portion Air is wrought into the compoſi- 

tion of animal, vegetable, and mineral 

Subſtances, and withal how readily it re- 
| ſumes its former elaſtick ſtate, when in the 
_ diſſolution of thoſe & WONT it is . 1. 
aged from then. | 


AVING. in the e MOR) 

produced many Experiments, to prove 
that che Air is freely inſpired by Vegetables, 
not only at their roots, but alfo thro ſe- 
veral parts of their trunks and branches, which 
Air was moſt viſibly ſeen aſcending in great 
plenty thro the ſap of the Vine, in tubes 
which were affixed to them in the bleeding. 
Nr 5 this put me upon. . a more 

4 2 kti- 


r56 — of the A. 
particular i inquiry into the nature of a Fluid- 
which is ſo abſolutely neceſſary for the ſup- 
port of the le and growth, of An ad 
Wannen 1 : 
The 3 Mr. — * 8 3 
Ex eriments on the Air, and among other 
diſcoveries, found that a good quantity of 
ir was producible from Vegetables, by put- 
ting Grapes, Plums, Gooſeberries, Cher- 
ries, Peaſe, and ſeveral other ſorts of fruits 
and grains into exhauſted and une xhauſted 
receivers, where they continued for ſeveral 
days emitting great quantities of R 
Being deſirous to make ſome further re- 
ſearches into this matter, and to find what 
proportion of this Air I could obtain out 
of the different ſubſtances, in which it was 
| lodged and incorporated, I made the follow- 
ing chymio-ſtatical Experiments: For as, 
whatever advance has here been made in 
the knowledge of the nature of Vegetables, 
has been owing to ſtatical Experiments, ſo 
ſince nature, in all her operations, acts con- 
formably to thoſe mechanick laws, Which 
were eſtabliſhed at her firſt inſtitution; it is 
therefore reaſonable to conclude, that the 
likelicſt Way to enquire, by chymical ope · 
5 | | . Fations, 
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rations, into the nature of a fluid, too fine 


to be the object of our Night, muſt be by 


finding out ſome means to eſtimate what 


influence the uſual methods of analyſing 


the animal, vegetable and mineral kingdoms, 
has on that ſubtile fluid; and this J effected 


by affixing to retorts and boltheads hydro: 


ftarical gages in the following manner, vi. 


In order to make an eltimzte of the quan- 


tity of Air, which atoſe from any body by 


diſtillation or fuſion, I firſt put the matter 
which I intended to diſtill into the ſmall re- 
tort r (Fig. 33.) and then at @ cemented 


faſt to it the glaſs veſſel 2 b, which was very 


capacious at &, with a hole in the bottom. 
I bound bladder over the cement which was 
made of tobacco-pipe clay and bean flower; 
well mixed with ſome hair, tying over all 
four ſmall ſticks, which ſerved as ſplinters 
to ſtrengthen the joynt; ſometimes, inſtead 


of the glaſs veſſel 2 b, TI made uſe of a large 


bolthead, "which had a round hole cut, with 


a red hot iron ring at the bottom of it; 


through which hole was put one leg of an 
inverted ſyphon, which reached up as far 
as S. Matters being thus prepared, holding 


: n I immerſed the bolt- 


Far Analyſis of the Ar. 
head into a large veſſel of water, to 4 the 
top of the bolthead ; as the water ruſhed in 
at the bottom of the bolthead, the Air Was 
driven out thro the ſyphon: When the 
bolthead Was full of water to Z, then Icloſed 
the outward orifice of the ſyphon with the 
end of my finger, and at the ſame time drew 
the other leg of it out of the bolthead, by 
which means the water continued up to =; 
and could not ſubſide. Then I placed under 
the bolthead, while it was in the water, the 
veſſel x x, which done, I lifted the veſſel x x 
with the bolthead in it out of the water, 
and tyed a waxed thread at & to mark the 
height of the water: And then approached 
the retort gradually to the fire, taking care 
to ſcreen the whole bolthead Faun Tye meat 

of the fire. 5 
Tue deſcent of thts water in Fi bolthead 
fhewrd the ſums of the expanſion of the 
Air, and of the matter which was diſtil- 
ling: The expanſion of the Air alone, when 
the lower- part of the retort was beginning 
to be red hot, was at a medium, ' nearly 
equal to the capacity of the retorts, ſo that 
it then took up a double ſpace; and in a 
white and almoſt melting heat, the Air took 
. 50 0p 


% 0 


at | 


vp a tripple 8 Gmething more : For 


which reaſon the leaſt retorts are beſt for 


theſe; Experiments, The expanſion of the 


diſtilling / bodies was ſometimes very little, 
and ſometimes many times greater than that 


of the Air in n en en to their 
different nature. 


When the matter y was fi ufficiently diſtilled, 
the retort ec. was gradually removed from 
the fire, and when cool enough, was carried 
into another-room, where there was no fire. 
When all was throughly cold, either the 
following day, or ſometimes 3 or 4 days af- . 
ter, I marked the ſurface of the water , 
where it then ſtood 3: if the ſurface of the 
water was below , tlien the empty ſpace 
between and & ſhewed how much Air was 
generated, or raiſcd from a fix d to an elaſ- 
tick ſtate, by the action of the fire in diſtil- 


lation: But if the ſurface of the water 
was above S, the ſpace between & and y, 


which was filled with water, ſhewed the quan- 


tity of Air which had been abſorbed in the 


operation, i. 6. was changed from a repel- 


ling elaſtick to a fix'd ſtate, by the ſtrong 


attraction of other e which l _ 4 
* call abſorł ing: : 


— 


„„ 1 1 | When 


this new generated Air, I ſeparated the bolt 
head from the retort, and putting a cork in: 
the ſmall end of the bolthead, I inverted 
it, and poured in water to S. Then from 
another veſſel (in which 1 had a known 
quantity of water by weight) I poured in 
water to y; ſo the quantity of water which 
was wanting; upon - weighing this veſſel a- 
gain, was equal to the bulk of the new ge- 
nerated Air. I choſe to meaſure the quanti- 
ties of Air, and the matter from hence it 
atoſe, by one common meaſure of cubick 
inches, eſtimated: from the ſpecifick gravi- 
ties of the ſeveral ſubſtances,” that thereby 
the proportion: of - one to th other might 
| W readily be ſen. 6: BY 170 
1 made uſe of the following. means to 
Ane the great quantities of. Air, which 
were either raiſed and generated, or abſorbed 
by the: fermentation ariſi ing from the mix- 
ture of variety of ſolid aud fluid ſubſtan- 
res) whereby Icould eaſily eſtin ate the ſur- 
. _iſieg effects of fer 
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mentation on the air, vis. 
I put into the bolthead $ © (Fig. 34.) the 
ontedicats,: and then run the long neck of 
the — the en drical . 
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fel 0 water, RY the water might run in- 


| 2 when wy was aloft up to 


Y 1c inverted! puts a 75 FS: and 
oft horizontally in a large veſ- -_ 


the — of the bokixad; 25d lower part g ; 


y of the cylindrical glaſs under water, raia 


ſing at the ſame time the end uppermoſt; 
Then before I took them out of the waters 


I ſet the bolthead and lower part of the cy- 


lindrical glaſs 4 y into the earthen veſſel æ - 


full of water, and having lifted alt out of 
che great veſſel of Water, I marked the fur- 


face S of the water in the glaſs 4 . 


If the ingredients in the bolthead, upon 6 
fermenting generated Air, then ithe water 
would fall from S to y, and the empty ſpace 


2 ＋ Wa8S equal to the bulk of the quantity 
of Air generated: But if the ingredients 
upon fermentation did abſorbe or fix the 


active particles of Air, then the ſurface of 
the water would aſcend from 2 to u, and 
the ſpace u, which was filled with water, 
Was equal to the bulk of Air, which was 

lobes at the ingtedients; or by the fume 

m: When the quantities of 

r 1 or abſorbed, were very 
e _ 
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great, then Imadeuſe of large chymicalreeei: 
vers inſtead of the glaſs. 4 ; But if theſe 


= RR aa * "MP * 6; * 82 2 A: 
"ab 
7 of Tue At 
n 
. 
\ th 


quantities were very ſmall, then inſtead of the 
bolthead and deep cylindrical glaſs 4 7. 


made uſe of a ſmall cylindrical glaſs, r or a 
common beer glaſs inverted, and placed 


under it- a Viol or Jelly glass, taking care 


that the water did not come at the ingredi- 


ents in them, which was eaſily prevented 
by drawing the water up under the inverted 


glaſs to what height I pleaſed by means of 
a ſyphon; I meaſured the. hulk. of the ſpaces 
2 or & u, by pouring in a known quan- 


tity of water, as in the foregoing Experi- 
ment, and making an allowance for the 
bulk of the neck of; the bolthead,, within 


the ſpace S N. inc e bluc 


When 1 would, take an el imare, of.the 
quantity of Air abſorbed; and fix d, or ge- 


nerated by a burning candle, burning brim- 


ſtone or nitte, or by the breath of a living 


animal, e*c. I firſt placed a high ſtand; or 
_ pedeſtal in the veſſel full, of water & & 
(Fig. 35.) which pedeſtal reached a little 
higher than & S. On this pedeſtal I placed 
the candle, or living animal, nd: then 
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1 which Was ſuſpended by a cord, ſo as to 
have Its mouth r three oc four inches un- 


der water; then with a ſyphon I ſucked 


the Air out of the glaſs veſſel till the water 
rtoſe to æ &. But when any noxious thing, as 
burning brimſtone, aquafortis, or the like 


were. placed under the glaſs ; then by affix- 
ing to the ſyphon the noſe of a large pair of 


bellows, whoſe wide ſucking orifice was 


cloſed up, as the bellows. were enlarged, 
they drew the Air. briskly out of the glaſs 
S A4 à thro the ſyphon; the other leg of 


which ſyphon 1 immediately drew from un- 
der the Wee eee ee the W b 5 


the water 5 g. 

When the Weils on 5 PN ge- 
nerated Air, then the water would ſubſide 
from S z to 4 4, which ſpace 2 & 4 à was 


1 9 
% * 


equal to the quantity of Air. generated: 
But when the materials deſtroyed any part of 


the Air's elaſticity, then the water would 


riſe from 4 4 (the height that I in that caſe 
at firſt ſucked it to) to æ, and the ſpace 
a 4 2 2 was cqual to the ne oF Air, | 


whoſe elaſticity was deſtroyed. 


_ I ſometimes fired the lis on the 
pedeſtal by. means of a burning glaſs, v/z. 


M 2 | ſuch 
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ſuch as phoſphorus and brown paper dipped 
in Water, ſtrongly. impregnated” FArY nitre 

ow then dryed. a eas 15 
Sometimes I lighted' the Sadie or e 
matches of brimſtone before 1 whelmed the 
glaſs S S 4-4 over them, in which caſe I 
Inſtantly drew up the watct to a a, Which 
by the expanſion of the heated Air would 
at firſt ſubſide a little, but then immediately 
turned to a riſing ſtate, notwithſtanding the 
flame continued to heat and rarif/ the Air 
for 2 or 3 minutes: As ſoon as the flame 
Was out, I marked tlie height of the wa- 
ter & S; after which the water would for 
20 or 30 gp continue oy a _ deal | 
above r ö : 
Aline ww 1 1 would Pon wicteatly | 
a ing liquors, as aquafortis, & cc. on 
any materials, I ſuſpended the aquafortis in 
a viol at the top of the glaſs veſſel & S 4 4, 
in ſuch manner, that by means of a ſtring, 
which camèe down into the veſſel x x, I 
could by inverting the viol pour the aqua- 
fortis on the materials, which. were in a 
veſſel on the pedeſtal. - ö 
1 fhall now proceed to give an account 


of 8 eyent of * mary: Experiments, | 
Which 


„ 


c 


ments, which 1 have here at firſt deſcribed, 
to avoid the frequent repetition of a deſcrip- 


tion of em. It is conſonant to the right 
method of philoſophiſi ng, firſt, to analize 
the ſubject, whoſe nature and properties we 
intend to make any reſearches into, by a 


regular and numerous ſeries of Experiments: 


And then by laying the event of thoſe Ex- 


periments before us in one view, thereby to 


ſee what light their united and concurring 


evidence will give us. How rational this 
method is, the ſequel of theſe W 
will ſhew. 

The illuſtrious Sir Tſuac Newton ( query 


3 310 of his Opticks) obſerves, that © true 


« permanent Air ariſes by fermentation: or 


7 vs | heat, from thoſe bodies which the chy- 


“ miſts call fixed, whoſe particles adhere by 
< a ſtrong attraction, and are not therefore 
ſeparated and rarified without ferm enta- 


A 


tion. Thoſe particles receding from one 
* another with the greateſt repulſive force, 


e and being moſt difficultly brought toge- 
ther, which upon contact were moſt ſtrong- 


3 


ce Iy united. And query 30. denſe bodies by 
25 * fermentation rarify into ſeveral ſorts of 


. 1 1 


An 72 * of the FA E 65 
Sich 1 made by means of theſe inſtru- 
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e Air; and this Air by fermentation, and = 


 < ſometimes without it, returns into denſe 
« bodies.” Of the truth of which we have 
evident proof from many of the unn 

e . 

That I might be well aſſured hl no part 
of the new Air which was produced in di- 
ſtillation of bodies, aroſe either from the 

greatly heated Air in the retorts, or from 

the ſubſtance of the heated retorts, I firſt 
gave a red hot heat both to an empty glaſs 

retort, and alſo to an iron retort made of a 
musket barrel ; when all was cold, I found 

the Air took up no more room than be. 

fore it was heated: whence 1 was aſſured, 
that no Air aroſe, either from the ſubſtance 
of the retorts, or from the heated Air. 

As to animal ſubſtances, a very conſide- 
rabie quantity of permanent Air was pro- 
duced by diſtillation, not only from the 
blood and far, blut alſo from the moſt _ 
| no of animals. 3 OT W4 


| ExyuRINENT AIK. 


TY cubick inch of Hog's bod diſtilled to 
ary ond VO yn” three” 'cubick 
inches 


inches of Ait, which Ps did not arifs; till 
the white umes aroſe; which was plain to 
be (cen by the great deſcent; of the water at 
hat n mee 57 n 33. hy 


rA Ar 1. 


Les them a cubick inch of Tabu; being N 
all diſtilled over into the receiver 4 & y 
( Fig. 33.) ee 18 cubick inches of 


Air. 


, 


ExpPERIMENT LL 


100 Grains, or half a cubick inch of thi 
tip of a fallow Deer's horn, being diſtilled 
in the iron retort, made of a musket Bar- 
rel, which was heated at a ſmith's forge, pro- 
duced 117 cubick inches, that is, 234 times 
its bulk of Air, which did not begin to 
riſe till the white fumes aroſe; but then 
ruſhed forth in great abundance, and in good 
plenty, alſo with the. fotid oil which came 
laſt. The remaining calx was two thirds 
black, the reſt aſh coloured; it weighed 128 
grains, ſo it was not half waſted, whence 

there maſt remain much ſulphur in it; the 
bo * 1 weight 


weight of water to Air, b. 


885 to one, as Mr. Hawkebee, found. it, by 


an accurate Experiments: A cubick inch of 
Air will weigh + of. a grain, , whence. the 


weight of Air in the horn. was 33 grains, 


} 


that is, near + part of the whole, horn. 
We may obſerve in this, as alſo in the 


preceding Experiment, and many of the 


following ones, that the particles of new 


Air were detached from the blood and 


horn, at the ſame time with the white fuines, 
which conſtitute the volatile ſalt: But this 
volatile ſalt, which mounts with great acti · 


vity in the Air, is ſo far from generating 


true elaſticx Air, that on the contrary it 
abſorbs i it, asI found HE mh, aldi "A 


* Fat. 0 


A 


Exemninenm un. 


1 Sus of volatile ſalt of 2 1 


ſoon diſtilled over with a gentle heat; but 


tho the expanſjon. in the, receiver was dou- 
ble that of heated Air alone, yet no Air 


was generated, but two N an half chick : 


i inches were abſorbed: - on WI 


2 . „ 2 5 +; bb 7 
f * 
* 
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Half a cu ck inch of C c Oyferſtel' or 266 
| aint diſtilled in the iron retort, generated 
162 cubick inches, or 46 grains, which ꝭ is a 
little more than 5 Jn we us n on the 
ne e Job 28 | | | 


* 


rer NN L. 


* 


＋. wo grains of Phoſphorus at allen 
at ſome diſtance from the fire, flamed and 
filled the retort with white fumes, it ab- 
ſorbed three cubick inches of Air. A like 
quantity of Phoſphorus, fired in a large re- 
ceiver (Fig. 35.) expanded into a ſpace equal 
to ſixty cubick inches,” and abſorbed 28 cu- 
bick inches of Air: When; grains of Phoſ- - 
phorus were weighed, ſoon after it was 
burnt, it had loſt half a grain of its weight; 
but when two grains of Phoſphorus. was 
weighed, ſome hours after it was burnt, 
having run more per deliquium by abſorbing 
the moiſture of the OW it 2 increaſed * 
| n in n N 


9 + 
3 W . + 
= 7 wy . * £ 
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* 


gently at ſome diſtance from a fire for 24 


77 


brrrazueur Tyr 


As to vegetable — ins half a 
cubick inch, or 135 grains of heart of Ont» 
freſn cut from the growing tree, was gene · 
rated 108 cubick inches of Air, i. e. a quan- 
tity equal to 216 times the bulk of the 


| _ of Oak, its weight was above 30 grains, 


+ part of the weight of 135 grains of Oak. 
I took a like quantity of thin ſhavings from 
the ſame piece of Oak, and dryed them 


hours, in which time 44 grains weight of 
moiſture had evaporated ; which: bring de- 
ducted from the 135 grains, there remains 91 

grains for the ſolid part of the Oat: Then 


the zo grains of Air, will be 3 of the weight 


of the ſolid part of the Oak. 
Eleven days after this Air was made, 1 
put a live rr into omg ge a * 


5 3 


kxrzxixznt vi. 


From 338 grains Lenne of Indian Wheat, 


WOO. grew in ba garden, but was not 


come 


come to Fall gitictioiey;” ; with generated mo 

cubick inches of Air, the: weight of which 

Air was 77 grains, vig. f of the weight 
of * Wucat. N * A + 2 „V 


kern LVII. 


altem A Cable! male or 318 bs of 
Peaſe, was generated 396 cubick inches of 
Air or 113 grains, i. e. ſomething more than 
* of the weight of the Peaſe. 

Nine days: after' this Air was made, I 
lifted. the inverted mouth of the receiver 


which contained it, out of the water, and 


put a lighted candle under it, upon which 
_ it inſtantly flaſhed : Then I immediately im- 
merſed the mouth of the receiver in the wa- 
tet „ flame. This I repeated 
$ or 10 times, and it as often flaſhed, af- 
ter which it ceaſed, all the ſulphureous ſpi- 
rit being burnt. It was the ſame with Air 
of diſtilled Oyſterſhell and Amber, and with 
new diſtilled Air of Peaſe and Bees-wax. 1 
found it the ſame alſo with another like 
quantity of Air of Peaſe; notwithſtanding I 
waſhed that Air no leſs than eleven times, 
by Jug it ſo often under water, up- 


we 


8 e . ware 


wards, out of the containing mats. into 
another inverted receiver full of water. 


EXPERIMENT LV. 


There was raiſed from an ounce or 4 37 
grains of Myuſtard-ſeed 270 cubick inches 
of air, or 77 grains, which is ſomething. 
more than 7 part of | the- ounce. weight, 


There was doubtleſs much more air in the 


ſeed; but it roſe in an unelaſtick ſtate, be- 
. ingnot diſentangled from the Oil, which was 

in ſuch plenty Within the gun- barrel, that 

when I heated the whole barrel red hot in 
' order to burn it out, it flamed vigorouſly 
out at the mouth of the barrel. Oil alſo 
adhered to the inſide of the barrel, i in the 
diftillation of many cf the other animal, ve: 
getable and mineral ſubſtances ; ſo that the 
claſtick air, which I meaſured. in the recci- 
ver, was not all the air contained in the 
ſeveral diſtilld ſubſtances; ſome remaining 
in the Oil, for there is unelaſtick air in 
Oil, part being alſo reſorbed by the ſul: 
amen fumes in the receiver. 


\Exvnnimunt LIX 

{ 
From half a cubiek inch of Amler, ot 
135 grains, was raiſed 13 5 cubick inches 
of bw or 3 8 an vid. 5 | pa of = 


% T2 * * i * 232 g 4 F< , n ** . * 5 
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Kr Aur tar, 
| bins 142 vm off dry 7 e was raiſed 
153 cubick inches of air, which is little 
leſs than 3 of the whole weight of the To- 
bacco; yet it was not all barn, part dan 
out 'of the reach of the er 1 8 10 


f Vxyzninnnt AXE „ 

Tos (:: . 

Cunpbne is a moſt volatile eee 
ne ſublimed from the Roſin of a tree 
in the Eaſt. Indies. A dram of it, melted 
into a clear liquor, at ſome diſtance from 
the fire, and ſublimed in the form of white 
chryſtals, a little above the liquor, it made 
a very ſmall expanſion, and neither gene- 
rated nor abſorbed air. The ſame Mr. Boyle 
found, when he burnt it in vacuo. Vol. 2. 
* 50 5. | E x- 
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5 Town * a ** MY 8 ell 

Qil of Anniſted, I obtained 2a cubick inches 
of ait; and from a like quantity of Oil of 
Olives 88 cubick inches of air, The res- 
ſon of which difference Was, as I ſuppoſe, 
this, viz. finding that the Oil of Anniſeed 
came plentifully over into the receiver, in 
the diſtillation of the Oil of Olives, I rai(- 
ed the neck of the retort. a; foot higher, 
by which means the Oil could not ſo caſi- 


ly aſcend, but fell back again into the hot. 


eſt part of the retort, hereby more air 
was ſeparated; yet in this caſe good ſtore 
of Oil came over into the receiver; in 
which there was doubtleſs plenty of un- 
elaſtick air: Whence by comparing this 
with Experiment 58. we ſee that air is in 
greater plenty ſeparated from the Oil, when 
in the Muſtard- ſeed, ** it is From og 
ed Or dien OW... Kit ay La” 


| ExeBRIMENT Leu, 


"From J wubick inch, or +359 9g e of A 
2. 


_ ie wh 8 ä chete 
144 cubick inches gf air, or 41 grains, vid. 
allitrke * N of: the. Nen of 
gy | | 40 lun K i T2510; 
a6} 2111 10 ai ll tight Ka 
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From a cubick inch of yellow 2 
or 243 grains, there atoſe 34 cubick inches 
of air, or 15 ain, the . PA. x the 
whole. ALKET THAIS AASNAS 


Fa 


3 "Exyanncenr V. . 
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From 373 ales r 2 bie inch of 
the coatſeſt Sugar; which is the eſſential 
ſalt of the ſugar- cane, t there aroſe 126 cubick 
inches of air, equal to 36 grains, a little | 
more chan . ts N of che whole. 4 


d Ae, 


1 ” E x PER IE E * T LV. 


'L W very litle air in; 54 cubick inches 
of Brandy, but in a like quantity of Mell. 
Water 1 found one cubick inch. In Pier. 
mont. water there is near twice as. much air, 
as. in Rain or common water, Which air 
1 8 . Gs con- 


: conmribaces'1 to the brizkiek of f this and mas 
ny other mineral Waters. I found theſe 
ſeveral quantities of air, by inverting the 


noſes of bottles, full of theſe ſeveral liquors, 


into ſmall glaſs ciſterns full of the ſame 


liquor. And then fetting them all together 
in a boyler, where having an equal heat, 


the ait Was ws, 9 85 alcended 


2 5 8 Lil. 


tid "RY 


By the fame means. alſo, I £ 


of air might be obtained from minerals. 
Half a cubick inch, or 155 grains r N. 


caſtle coal, yielded 180 cubick 08 


which aroſe very faſt from the coal, esße⸗ 
cially when: the yellowiſh fumes aſcended. | 


The w 15 of this air is 31 Brains, which" 


is near] of the weight of the coals. 3 
7 * 122 > e 
Errb Ai ENT LI. 


ö A cubick n+ 4 of "freſh d by" Ace 
TRE off the common, being well burot 
in 1 produced 43 cubick inches of 
air. From chalk alſo, I obtained, Air In the 
ale miner. * 0 3 . & e 
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a” a quarter of a cubick inch of A. ; 
1 1 obtain d 28 times its bulk of air. 
It was diſtilled in a glaſs retort, becauſe it 
will demettalize iron. | 


3 2 


EAA IXE. 


1 1 a hard, dark, gray Dole 


0 mineral ſubſtance, which was found 7 fect 
under ground, in digging for ſprings on 


Maltan- heath, for the ſervice of the Right 
Honourable the Earl of Lincoln, at his beau- 
tiful ſeat at Oatlands in Surrey; this mine- 


ral abounds not only with ſulphur, which | 


has been drawn from it in good plenty, 
but alſo with ſaline particles, which 
ſhoot viſibly on its ſurface. A cubick inch 
of this mineral yielded in diſtillation 83 cu- 


| " inches of air. x 


| ExXPBRIMENT LXXI. 38 

Half a cubick inch of well decrepitated 
ſea-ſalt mixt with double its quantity of 
calx of bones generated 32 times its bulk 


of air: I. had {o e a * given it, that 
55 all 


"Dk is of the _ 


2 «oh diſtilled over, the remaining ſcorie 
did not run per deliguium. I clearcd the 
gun- barrel of thęſe and the like ſcoria, by 
ſtriking long « on the outlide with a As 


9 $. yy * * 


Exp ERIMENT LXXU, | 


From 211 grains or half a be inch 
of Nitre, mixed with re of bones, there 
aroſe 90 cubick inches of air, i. e. a quan- 
tity equal to x 80 times itshulk ; ſ the weight 
| X air in any ante oy hy is nue 3 part. 


ir too. 5 | wm 


ExrEAIIIN T EX 


From 125 cubick inch og 443 grains 15 
Reniſh Tartar, there aroſe very alt 504 cu: 
bick inches of aiß; {9 the weight of We a 
in this Tartar was 144 grains, . 6. + Patt 


of the weight of the Whole: The. re 
maining ſcoria which was very little, zun 


per deliquium, an argument that there re- 


mained ſome Sel T. LED 0 ee 
more air; for 


Exp ERIME NT Ixx0v. 


Half a, cubick igch.c or. 304 grains of. Sal 
Tartar, 


=_ 7/7. bade with nitre and tartar, ad 

ien With a double qliatitity of cal of 
Bonesz yielded in diſtillation 112 cubick 
inentes bf alt; that is; 224 times its bulk of 
air; whith 113 Edbick inches weighing 32 
8Hifs, is fleatly 3 part of the weight of 


the SHY Tut ar. Thett is a more interife de- 


geee bf heat requtired to raiſe tlie ait from 
#27 Tartar thn from fiitte. 
Hence we ſee, that the þtopotitemn'« of 
air in equal bulks of Sl Tartas and nitre is 
8 224 to 180. But weight for weight, nitre 
contains a little more air in it, than this 
Sal Tartar made with nitre. But Sal Tartar 
made without nitre, has probably a little more 
air in it than this had, becauſe it is found 
to make 4 greater exploſion in the Puluis 


5 Fulminans, than the nitrated S Tartar. But 


ſuppoſing, as is found by this Experiment, 
that S Tartu, according to its ſpecifick gra- 
vity, contains + part more in it than nitre; 
yet this exceſs of air is not ſufficient to 
account for the vaſtly greater exploſion of 
Sal Tartar than of nitre; which ſeems prin- 
cipally to'atiſe from the more fixt nature 
of Saf Tartar; which therefore requires a 
8 intenſe degree of fire, to ſeparate the 

| | * alr 


180 Anah ſis of the Air. 
air from the ſtrongly adhering particles, 
than is found requiſite to raiſe the air from 
nitre. Whenee the air of Sal Tartar muſt 
neceſſarily thereby acquire a greater elaſtick 
force, and make a more violent exploſion; 
than that of nitre. And from the ſame. rea- 
ſon it is, that Aurum Fulminans gives a 
louder exploſion than Pulvis Fulminans. 
The ſcoria of this operation did not run per 
deliquium, a proof that all the Sal T artar was 
diſtilled over. x 5 i 
From the little gane ol, air WEE is 
obtained by the diſtillation of ſea-ſalt in Ex- 
periment 71. in compariſon of what ariſes | 
from nitre and Sal Tartar, we ſec the reaſon 
why it will not go off with an | exploſive 
Force, like thoſe when fired... And at the 
ſame time we may hence obſerve, that the 
air included in nitre and Sa Tartar, bears a 
_ conſiderable part in their exploſion, For fea- 
ſalt contains an acid ſpirit as well as nitre; 
and yet that without a greater proportion 
of air does not qualify it for exploſion, tho 
mirxed like nitre in the compoſition of gun- 
powder, with ſulphur and charcoal. 
Mr. Boyle found that Agua. fortis pour- 

ed on a ſtrong ſolution of ſalt of tartar did 

| 3 | not 


Analyſi F At, 1 81 
not ſhoot into fair cryſtals of ſalt. petre, till 
it had been long expoſed to the open air, 
whence he ſuſpected that the air contribut- 
_ ed to that artificial production of ſalt· petre. 
Afid ſays, * whatever the air hath to do in 
this Experiment, we have known ſuch 
* changes made in ſome ſaline concretes, 
«chiefly by the help of the open A. as 
eee few would be apt to imagine. Vol. 
1. p. 303. and Vol. 3. p. 80. : 
We ſee from the great quantity of air, 
which is found in ſalts, of what uſe it is 
in their eryſtalization and formation, tas 
particularly how neceſſary it is in making 
ſalt · petre from the mixture of ſalt of tartar 
and ſpirit of nitre. For ſince by Experiment 
72 and 73, a great deal of air flies away, in 
the making of Sl Tartar, either from nitre 
and tartar, or from tartar alone: It muſt 
needs be neceſſary, in order to the forming 
of nitre from the mixture of dal Tartar and 
ſpirit of nitre, that more air ſhould be in- 
corporated with it, than is contained either 
1 the Saf Tartar or ſpirit of nitre. 
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| Near La > 1 inc 7 ct 7 
gua. fortis which bubbled nd, ma 
diſtilled off: "As. it cooled che expapſion 5 
| W very faſt, and a little air Mas ahſorb- 

Whence it is evident that che ajr- go- | 
1 by the diſtilla ion of nitre, did not 
ariſe from.. the volatile ſpirituous Mtiche 

Hence alſo. it is prohable thay therg 
ſome air. in, acid ſpirits, which, i is, abs 
and. fixt by them in difi}]ation. Ang, this 
is further confirmed, from the mag ait bub · 
blies which ariſe, from Agila rdis, in 
the ſolution of gold fax ſince gold loſes 
nothing g of; its, weight, in being dilglyed, the 
air cannot. ariſe from, the-metazling,pagt of 
the. Slg bur, muſt, either axiſe: Fram. the 
eg ot. e k Er, air. in th pares 
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8 tick ick i common- Wengen ex- = 
panded very little in III a pa 
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Aualyſis bf the s. ” 
tore; © not AEA Gs i Had a great heat 
em it, and Was alf diſtilled over into the 
receiver Without flaming. If abſorbed ſome 
at gran Pn freer by Expeririett 
t65,-:4bCorbs much air. 
A good part of che air his raiſed fro 
fevvrat: b6dies' by tlie force of fire, Was apt 
gradually to loſe its elaſticity, in ſtanding 
ſeveral days; the reaſon of Which was (as 
will appear more fully hereafter) thir the 
acid ſulphurcous fumes raifed* with that ait, 
did reſorb and fix: tle nn e 


n 
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£ ay revent whit I mite ue or dle el: 
lowing: method of diſtillation; 1. I fixt 
a leadtn ſy pHon, Fig. 38. to tlił nöſt of tlit 
iton retote 7 rand” then having ithmet ſed 
the ſyxphon in the veſſel of water & X, I 
placed Ovtr the open end 6f the ſyphott 
the invered chymienl receiver 45 WIIeh Was 
fall of' Water; ſo that ab tlie alt which Was 
ratſed -inidiftittarion; paſſec 'lito® the Water 
> Honea tow of the recelver' 42 4 goof 
tl ee it ſülpfluke Baske 155 
were byy this m en 8. intercepred and ret fit. 
He! os ed 


184 Analyſis of the\ dire. 
ed in the water; the.conſequence of which ; 
| was, that the new generated air continued 
in a more permanently, elaſtick. ſtate, very 
little of it loſt ing its elaſticity,. vi, not a-. 
bove a 15th or 18th part, and that chiefly 
the firſt 24 hours; after which the remain 
der continued in a conſtantiy elaſtick ſtate; 
excepting the air of tartar, which in 6 or | 
s days loſt conſtantly. above one third of 
its elaſticity; after which the ieee 
permanently elaſticall. NO e 
That the great quantities of; air which are 
thus obtained from theſe ſeveral ſu ſtances. 
by diſtillation. are true air, and not a mere „ 
flatulent vapour, I was aſſured by the fol- 
lowing tryals ; vis. I filled a large receiver. N 
which contained 540 cubick inches, With air 
of tartar; and when jt was cool, 1 ſuſpend- 
ed the receiver while i its mouth was invert. 
ed in water. Then upon lifting the mouth | 
of the receiver out of water, I immedi- 


ately covered it by tying a piece of bladder 
over it. When! had found the exact weight, 


I blew. out all the air of tartar with a pair 
| of bellows which had along additional noſe 


that reached to the bottom of the receiver. 
| And; then. tying the; Mee weighed 
52 Nh Fl CIS at 


two 2 


* a the two airs, and it 


| wiathe: — an air of ta tartar. which 
was 10 days ol : 


As to the other pidhithey of the! air, elaſti: 
city; I found it exactly the ſame in the air of 


tartar), Which was 1 ** days old, and common 


airy by filling two equal tubes with theſe 


: different airs; the tubes were 10 inches long 


and ſcaled at one end; I placed them at 
the ſame time in a cylindrical glaſs condenſ- 
ing receiver, where I compreſſed them with 
ditional atmoſpheres, taking care to 
ſecure myſelf from danger i in caſe the glaſs 
ſhould burſt, by placing it in a deep wood- 
en en the water roſe to equal heights in 
es. This receiver was gently an- 
nene Jand | eſti: toughened, by being 

oiled in Vine Whore it tape eil all Was ; 


4 5 4 


d. * * 


I put alſo nails ins OE) etna new : 
made air of tartar, both the tubes ſtanding 
eiſterns of water; the air of one of theſe: 


tubes 1 compreſſed in the condenſing en- 


2 


Lian? or ic days, to try Whether in that 


| Ire of the airselaſticity 
pours 


186 Halys * 1 — , 
pours than in an uncompreſſed ſta 
aich not perceive any ſeniſibls- differencs. - 
 Lemery, in his eourſe-of ehymiſey, pk 592. 
tained in the diſtillation. a ounees of 
Tartar, 4 ounces of plleguiy, 
3 of oil, and 32 of Seotinz;. z 
of the whole, e nee was loſt in the | 
again: e Fe Ge RH? d 445 
In my diſillation ere grains of Tar. 
tar in Exper. 73. there remained but 92 
grains of Scoria, which is little more than 
0 of the Tartar; and in this remainder, 
there was by Exper. 74 Air, ſor there as 
Sat Tartar, it runniag Her delipunem. 7101 08 
Whenee by compating Lemmys and my 
diſtillation together, e ſhall'find; chabrhere 
remained in this 32 out of Scotia, 
in the ounce that was leſt (which 
doubtleſs moſt of it air OY —— 
to account for the ꝑreat quantity of air, which 
in Exper. 73. was raiſed from Tartur eſpe- 
cially, if we take into tile aceoum the pto- 
portion of air, which was contained" in the 
oil; which was g part of th tees le Tar. 
: . for! there is much air in ob: 1! 
The bodias which I; diſtilteu iin this man · 


ner 3 zac were Horn — 
7 * 


'OVACCC oil pram — : 
Honey, Wax, Sugar, Amber, Coal, Earth, 

„i ral, ſea Salt. Saut des. Tan 
rats. rh Tartan, Lead, Minium. The greateſt 
part of the Air obtained from all which bo- 
dies was very permanent, except what the 
Ais of Tartar loſt in ſtanding feveral. days 
Ranticularly,, that ſnom gitec: loſt litt lk af 
un See Fares angſt ah! aun Aa 


deinen (Eig 36. * Was reſarhe | 
as was alſo the Air which was generatedifron 
detonized nitre in Experiment 102. Hence 
alſo wer ſee the; reaſon, Why 19 parts in 20, 
afithe Air which wWas generated: by che Seine 


a fumes of the Ganpeaicldia 
As Mr Hazes anne; apes 
rarchanical ame page: $8015.11 $130 
In the diſtillation of Horn, it wee 
rables that hen towards che end of the ope- 
neee aroſe, it. formed 


188 Analyſis of then. 
and it was ap rods in the dnn er 
ee T9118 3 2 inte 0 
nei Na At nes, N 11 A 7 | 
Av Accor T OF SOME ExpkR MENS! MADE | 
on STONES TAKEN OUT or og, Un INE 
"AND GALL BLaDDERS.” A 


. 24 q * 
8 1 * 1 s 4 i td PLTED | 


AVIVG, while theſe Sheets were 
1 printing off, procured by the Favour 
of Mr. Ranby, ' Surgeon to His Majeſty s. 
Heuſbold, ſome calculi; humani, I made the 
following * — n err nen 1 
hall hinge! inſert, Vis. eee 
I diſtilled: a aer in parks: iron retort 
(Fig. 38.) It weighed 230 grains, which is 
ſomething leſs in bulk than 4 of a cubick 
inch: There aroſe from it very briskly, in 
diſtillation, 516 cubick inches of elaſtick Air, 
that is, a bulk equal to 645 times the bulk 
of the Stone; ſo that above half the Stone 
was raiſed by the action of the fire into elaſ- 
tick Air; which is a much greater propor- 
tion of Air, than I have ever obtained by 
fire, from any other ſubſtances, Whether a- 
nimal, vegetable or mineral. The remaining 
calx weighed 49 grains, that is part 


wht tho calaulan 8 which is eh the ſame | 


* * : 


15 


| Wund remaining, after the diſtilling and 
caleining two ounces of calculus, cone ounce, 
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calx, that the worthy Dr. Share 


<« and three drams of which (he ſays) cva« 
ce porated in the open fire (a material cir- 


1 cumſtance, which the Chymiſts rarely en- 
ee quire ne) of which we have no ac- 


count.“ Philoſe Tranſact. Lowthorp's A+ 


lriagment. Vol. III. p. 179. The greateſt 


part of which was, we ſee by the preſent 


eee raiſed into eee W cur 


tick Air. 


By comparing his: diſtillation of the via 
culus with that of Reniſp Tartar in Exper. 
73. we ſee that they both afford more Air 
in diſtillation, than any other ſubſtances :/_ 
And it is remarkable, that a greater propor- 
tion of this new raiſed Air from theſe two 


ſubſtances, is re ſorbed and loſes its elaſti- 


city, in ſtanding a few days, than that of any 
other bodies, which are ſtrong ſymptoms 
that the calculus is a true animal Tartar. 
And as there was very conſiderably leſs oil, 
in the diſtillation of Reniſb Tartar, than there 
was in the diftillation of the Seeds and ſolid 
parts of vegetables; ſo I found that this 

culus contained much leſs oil than the 


blood or ſolid parts of animals. I 


. 
Pe 


above mentioned calrain s, 


ſtillation, a quantity equal to 648 times theĩt 


of what was diſtilledꝭ vis, IIS grains, did, 


Ae diftilic- * = < mo manner, as rhe 


out of a human gall bladder, they weijhea 
52 grains, ſo their bulk was equa 6&5 4 pa kt 


of a cubick inch, as I found by taking thelt 


ſpecifick gravity.” Thete was 108 cubick ir: 
ches of elaſtick Air taiſed from them ity di: 


bulk much the ſame quantity that was 


raiſed from the caleulus. Abobt 4 ow” of 


this elaſtick Ait was in 4 days tednced in- 
to a fix'd ſtate. There aroſe 3 more 


oil in the diſtillation of thefe Stones, than 


from the Calewias, part of which oil did 
ariſe from the Gall which adhered to, aud 


was dryed on the farfaces of the Stones, | 
hich oi formed large bubbles, like thoſe 
which moe in the nnen, of Deervriorn : 


N 1/6. 
A ſmull Stone of the Gall Bladder, which 


was as big as 2 Pea, was diſſolved in a Lix- 
ivium of S Tartar in ſeven days, which 
Lixia ium - with alte diſſobve Fartar ; yer ie 
will not diſſolve che Calbulus, which is more 
firmly united in its parts . 
& quantity of Calculus ec to one half 


when 


8 


- xa 


| when. cubic k. | 
| paured on it, diſſolve in 2 or 3 hours, With 
a large froth, and generated 48 cubick inches 


#28 ＋ . 1 
1 of irir mw nitre ww 


of Air, none of which loſt its elaſticity, tho' 
it good, many days in the glaſs veſſel. (Fig. 
34.) And a like quantity of Tartar being 
mixed with ſpirit of nitre, was in the ſame 
time diſſolved, but na elaſtick Air was ge- 
nerated, norwithſlanding Tartar abounds ſo 
much with Air. 55 i 
Small pieces of Tate: and Gan were 


in 12 or 14 days both diſſolved by oil of 
Vitriol ; the like pieces of Tartar and Calcu-. 


lat were diſſolved in a few hours by oil of 
Vitriol, into which there was gradually 


| Pourgd near an equal quantity of ſpirit of 


zn deen made with Lime, which cauſed 


Tho the rewaining calx of the diſtillatiom 5 
of Tatar, in Exper. 73. run per deliquium, 
d had therefore Sa Tartar in it; and 
tho' the calx of the diſtilled Calculus did 
not run per daliquium and had conſequently 
no Saf Tartar. in it; yet it cannot thence 
be inferred, that the Caleulut is not a tar- 
Ty e HUDLLANCE. < Becauſe: by Exper. 74. it 
is evident, det val Tartar it ſelf, when 


mixed 
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mixed with an ren alx,. diſtills all over, 
ſo that the calx will r not afterwards run 
a deliquium. . 

By the great militude bins is 3 
in ſo many reſpects between theſe two ſub- 
ſtances, we may well look upon the Cal. 
culus, and the Stone in the Gall Bladder, 
as true animal Tartars, and 2 Gouty 
concretions are the ſamſm. 
From the great quantities of Air, that 
are found in theſe Tartars, we ſee that un- 
elaſtick Air particles, which by their ſtrongly 
attracting property are ſo inſtrumental in 
forming the nutritive matter of Animals and 
Vegetables, is by the ſame attractive power 


apt ſometimes to form anomalous concre- 


tions, as the Stone, &. in Animals, eſpe- 
cially in thoſe places where any animal 
| fluids are in a ſtagnant ſtate, as in the Urine 
and Gall Bladders. The like tartarine con. 
cretions are alſo frequently formed in ſome 
fruits, particularly in Pears z but they do 
then eſpecially coaleſce in greateſt plenty, 
when the vegetable juices are in a 3 
ſtate, as in wine veſſels, G . 

This great quantity of ſtrongly attracting, 
unelaſtick air particles, which we ſind in the 
ban Oe Cal. 


the 


"al 


Calculus „ Would e. encourage than dif : 
-OU: rage. us In ſearching aftcr ſome proper 


| diffolyent of the Stone in the Bladder, which, 
upon the analyſis of it, is found to be well 


Nored with active principles, ſuch 4s are 
the principal agents in fermentation. For 
Mr. Boyle found therein a good quantity of 


volatile ſalt, with ſome oil, and we fe by 


the preſent Experiment, that there is ſtore of 
unclaſtick air particles in it. The difficulty 
ſeems chiefly to lay, in the over proportion 
of theſe laſt mentioned particles, which are 
firmly united together by ſulphur and ſalt, 
the 3 — of 1 ann, or et 5 


FAA Nr Lxxvut. 


one eighth of a cubick inch of dirs 
made a very inſenſible expanſion in diſtilla- 
tion, notwithſtanding the iron retort had 
an almoſt meltirig heat given it, at a ſmith's 
forge, ſo that it made an ebullition, which 


could be heard at ſome diſtance, and withal 


ſhook the retort and receiver. There was 
no air: generated, nor was there any expan- 


E don of ait in the en Exper. vis. 


. Err. 


— cw 


a » 4 YT 4 
Q . . 
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5 put into 1680 lune retort kat” a. bablet hag 1 
inch of Mercury, « affixin tothe retore a very 
capacious receiver, which had no hole in 
the bottom. The wide mouth of the recci- 
ver was adapted to the ſmall neck of the 
retort (Which was made of a musket barrel) 
by means of two large picces of cork which 
entered and filled the mouth of the receiver, 
they having holes bored in them of a fit ſize 
| for the neck of the xetort 5 and, the junc- 
ture was farther ſecured, by a dry. ſupple 
bladder tyed over it: For] purpoſely avoided 
making uſe. of any moiſt lute, and took 
care to wipe the inſide of the receiver very 
dry with a warm cloth. 

The Mercury made a great e by llition, and | 
came ſome of i it over into the fecelycr, as 
ſoon as the retort had a red heat given it, 
which was increaſed to a white and almoſt 
melting heat, in which ſtate it continued 
for half an hour. During which: time, I fre- 
quently cohobated ſome part of the Mer. 
curry, which condenſed, and was s lodged on 

an e Lee, about the middle. of 
47 # Ke the 


TE mr 9 


the retort. When all was cool I found: 


terwards ſucceed. Boyle Vol. III. 2. 416. 
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the neck of. the retort : And which upon 


raiſing the receiver, flowed down into the 
bottom of the retort, and there made a freſh 


ebullition, which had ceaſed, when all the 
Mercury was diſtilled from. the bottom. of 


two, drams of Mercury i in the retort, and loſt 


in the whote 43. grains, but ads was not 


the leaſt moiſture i in the receiver... 
Whence it is to be ſuſpected that Mr. Boyle 


and others were deceived by ſome unheeded 


circumſtance, when they thought they ob- 
tained a water from Mercury in the diſtilla. 
tion of it 3 3 which he ſays he did once, but 
could not make the like Experiment after. 


+ 


I remember that about 20 years ſince 1 
was concerned with ſeveral others, in mak- 
ing this Experiment at the elaboratory in 
Trinity College Canbridge, when imagining 
there would be a very great expanſion , We 


luted a German earthen retort, to. 3. or 4 


large Alodals, and a capacious receiver; as 
Mr. Wilſon did in his courſe of Chymiſtry. 
Four pounds of Mercury was poured by lit- 


tle and little into the red hod retort, thro' 


oſely affixed to it. The 


2 D pur 
O 2 event 


9 19 — 8 : | 1 10 28 n 1 
196 Analyſis 'of the” 
event was, that we found ſome ſpoons full 


of water with the Mercury in the Alodals, 
which I then ſuſpected to ariſe from the 


e 


moiſture of the earthen retort and lute, and 


am now confirmed in that ſaſpicion. It rained 
inceſſantly all the day, when 1 made this 
preſent Experiment; ſo that when water is 
obtained in the diſtillation of Mercury, it 


cannot be owing to a moiſter temperature 


4 15 | 
We. - v e 3 
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TAVING from th e korezoiug Experi- 
ments ſeen very evident proof of the 


| 1 of conſiderable quantities of true 
elaſtick air, ftom liquors and” folid bodies, 
by means of fire; We ſhall find in in the fol- 
lowing Experiments many inſtances of the 
production; and alſo of the fixing ot abſorb- 

ing of great quantities of air by the fermen- 
tation ariſing from the mixture of variety of 


ſolids and fluids : Which method of pro- 
ducing and of abſorbing, and fixing the elaſ-_ 


tick particles of air, by fermentation, ſeems 
.to be more according to nature's uſual * 
of proceeding, — the other of fire. 


EP 


Ee I 
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I put into eee 3 (Fig, Ft 16 3 . 


bick. inches of Sheeps blood, with a little 
water to make it ferment the better. 75 
found by the deſcent of the water from 


to that in 18 days fourteen Cubick inches 


of, air were generated. 


\ExpznInunt. LXXXL. 


| Volatile Salt of Sal e W in 
an open glaſs ciſtern, under the inverted 


glass æ & 4 4 (Fig. 35.) neither generated 


nor abſorbed air. N either did ſeveral other 
volatile liquors, as ſpirits. « of Harts- horn, ſpi- 


its of Wine, nor compound Aquafortis, ge- 


nerate any air- But Sal Ammoniac, Sa 
Tartar, and ſpiris of Wine mixed together, 
generated 26 cubick inches of air, two of 


which was in 4 . reſorbed, and alter that 
ee again. 12 


Ears AI zur > LXXXY. 
Hal a cubick inch of Sal a es and 
"03 double 


4 © 2 4 


double that quantity. * 1 of 7 gene: 
rated the firſt day 5 or G cubigk inches: But 
the following days it abſorbed 1 5. cubick 
inches, and een ange days in that 
ate. Os e 
Equal quantities of los of 71 uupentine, 
and oi of Vitriol, had near the ſame effect, 
except that it was ſooner in an Wein 
ſtate than the other. | 
Mr. Geoffroy ſhews, that the mixture of 
any vitriolic falts, with inflammable ſubſtan- 
ces, will yield common Brimſtone; and by 
the different compoſitions. he has made of 
ſulphur; and particularly from gil of Vitriol, 
and oil of Turpentine; and by the Analyſis 
thereof, when thus prepared, he diſcovered 
i to bo nothing but vitriolic ſalt, united with 
the combuſtible ſubſtance, French Mcmoirs, 
Anno1704-p.381 oe 125550 Wer m, 
f. 273. Notcs,. | 
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in February ' poured on \ fix. cubick IS 
| of powdered. Qyſterſbell. an equal quantity 
of common white- wine Finegar. Ins or 6 
minutes it generated eh cubick -inches of 
4 0A J. #2 : 1 airy 


air; 45 nas woe bend 1 12 cubick inches 
more, in all 29 inches. In nine days it had 
WIy reſorbed 21 cubick inches of air. The 
ninth day T ponred warm water into tlie vel- 
ſel x x, (Fig. 34.) and the following day, 


When all was cool, I found that it had re- 


ſorbed the remaining s cubick inches. Hence 
we ſee that warmth will ſometimes promote 
a reſorbing, as well as a generating ſtate, vi. 

by raiſing the reſorbing mens as will appear 


more hereafter. ts ye 


| Half a cubick nuch of Oyſer bel, and a 


cubick inch of oil of unn Kere 32 


cubick inches of air. 
 Oyfterſhell, and 2 ble inches of ſour 
Rennet; of a Calve's ſtomach, generated in 


4 days 11 cubick inches. But Oyſterſpell, 


with ſome of the liquor of a Calue s ſtomach, 
which had fed uml upon hay, did not ge- 
nerate air. It was the ſame with Orfeer fret 


and Ox-galt, Urine and Spittle. 


Half a cubick inch of Oyferſbell and Seil 
Orange juice generated the firſt day 13 cu- 
bick inches of air, and the following days 


it reſorbed that, and 3 or 4 more cuhick 


inches of air, and would fomnetinict Sg 
Jain. It was the fame with Limon juice. 
8 0 4 Or- 
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N 


Oyferſbell and Mali generated a little air 


But Limon Juice and Milt did at the ſame 


time abſorb a little air; as did alſo Calves 


Rennet and Vinegar ſome of the ſame Remer 
alone generated a little air, and reſorbedit 


again the following day. It had the ſame 


effect when mixed with crums of d 


* 188 7 1 


ExPERIMENT LXXXIV.,,. ee 
A cubick inch of Limon juice, and —_ 


an equal quantity of ſpirits of Harts-horn, 


per ſe, i. e. not made with Lime, did in 4 
hours abſorb 3 or 4 cubick inches of air; 


and the following day it remitted or ge- 


| nerated two cubick inches of air: The third 
þ day turning from very warm to cold, it a- 


gain reſorbed that air, and eee in an 


E abſorbing. ſtate for a day or two. 


That there is great plenty of air a — 
porated into the ſubſtance of Vegetables, 


which by the action of fermentation is rouzed 
into an elaſtick ſtate, is de by, theſe: 1 


loying Experiments, VIS. 


"Mach the 2d, I poured 7 — 
mY 1 (Fi 8 · 34. 3: N 9 cubick 2 
9 


- 


4 — 


— Tun; Which had beet where 


ſet to ferment 34 hours before: From that 


time to the th of June it generated 639 


cubick inches of air, with a very uncqual 


progreſſion, more or leſs as the weather 


Was warm, cool, or cold, and ſometimes upon 


a change from warm to cool, it reſorbed 
air, in n 32 cubick inches. 


\Exyrnritent LVL 


I. "ey the 24% 12 kabieh inches of F. 
laga Naiſens, with 18 cubick inches of 4. 
ter generated by the 16th of April 411 cu- 


bick inches of air, and then in 2 or 3 cold 


days it reſorbed 35 cubick inches. From 
the 21th of April to the 16th of May it 


generated 78 cubick inches; after which to 


the 9th of June it continued in a reſorbing 


ſtate, ſo as to reſorb 13 cubick inches; 


there were at this ſeaſon many hot days, 
with much Thunder and Lightning, which 
deſtroys the air's elaſticity; ſo there was ge- 


nerated in all 489 cubick inches, of which 


48 were reſorbed. The liquor was at laſt 
yery bac 81 i 


From 
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— 
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tis probable, than much more air 


Joon r, m 


have riſen krom the laner tettüte — 
wndeyed Grapes, than en eee TR 
fins. C 
We ſve from theſe: Eu Erit 
fins and Ale, that in . — 


and Ale do not turn vapid by imbibing 


air, but by fermenting and generating too 


much, whereby they ate deprived of their 


enlivening principle, the air; for which rea 


ſon theſe liquors are beſt preſetved in cool 


cellars, whereby this — 
principle is kept within due bour 


when they exceed, Wines are are upon t the | 
Nee oo in e of GEARS: ſold, | 
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Teenys e cu ick meher ef __ * 
ing maſhed Auguſt 10. they did in 13 days 


generate 968 cubick inches of air, a quan- 


rity equal to as times their bulk g after which 


5 they did in 3 or 4 days re 
equal to their bulk, notwithſtanding it was 


rb a quantity 


very hot weather; after which they were 
n 7x7 e 


Rat; nary, neither eſording or generating 
air in many gays. | = 4 n? 4 e 

A very coarſe brown ne wah an ena 
juantity of water, generated nine times its 
bulk of air; Rice-flower fix times its bulk; 
Seur vy graſs leaves generated and abſorbed 


air; Peaſe, V heat and Barley did in Fer- 


mentation alſo ooente: den nnn of 
Air. 2 ? 1601 3 44 4 6645-4. 
- That this; Airy which: ariſes in fuck great 
uantities from fermenting and diſſolving 
vegetables is true permanent Air, is certain, 


by its continuing in the ſame: expanded 

elaſtick ſtate for many weeks and months; 

which "expanding! watry vapours will not, 
ondenſe when cool. And 


that this new generated air is elaſtical is 
plain, not only by its dilating and contract- 
ing with heat and cold, as common air does, 
but alſo by its being compreſlible, in propor- 


tion tothe incumbent weight, as appears by 
the two following Experiments, which ſhew - 


what the great force of theſe aerial parti- 
cles. is, at the intent ag Oe, om the 
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3 filled the 1 . Ber 251 
7 Fig. 3 6. near half full of Peaſe, and then 
full of water, pouring in firſt half an inch 
depth of Mercury; then I ſcrewed, at, bin — 
to the bottle the long ſlender tube a * 


r * 


which reached down to the bottom of the 


bottle; the water was in two or three days: all 


imbibed by the Peaſe, and they thereby much 
dilated; the Mercury was alſo forced vp the 


lender glaſs tube near 80 inches high; in 


which ſtate the new generated Air in 2 
bottle Was compreſſed with a, force equal 


to more than two Atmoſpheres and an half; 


if the bottle and tube were ſwung too and 
fro, the Mercury would make long vibra- 
tions in the tube between & and 6, which 
proves the great elaſticity of the compreſſed 


air in the bottle. 
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"2 8 hs like click wa by the fol- 
lowing Experiment, viz. 1 provided aſtrong 
irgn pot a bed 1 37. Which was 2 and; 

Inches 


che ciamerer within fide; and five inches 
deep. 1 poured into it half an inch depth 
of Mercury; then I put a little coloured 
honey at x, into the bottom of the glaſs- 
tube E x, Which was ſealed at the top. I ſet. 
this tube i in the i iron cylinder ꝝ u, to ſave 
it from breaking by the ſwelling of the Peaſe. 
The pot being filled with Peaſe and water, 
1 put a leathern collar between the mouth 
0 484 lid of the pot, which were both ground 
10 and then preſſed the lid hard down 
'J f Cydet-preſs : : The third day I opened 
the pot and found all the water imbibed by 
the Peaſe; the Honey was forced up the 
glaſs tube by the Mercury to =, (for ſo far 
the glaſs was dawbed) by which means I 
found the preſſure. had been equal to two 
atmoſpheres and 2; and the diameter of the 
pot being 2 ＋ 15 Inches, its area was tf x 
ſquare inches, hence the dilating force of 
the air againſt the lid of the on Was munen 
to 189 pounds. 
And that the Sr force of new ge- 
nerated air is vaſtly ſuperior to the power 
with which it acted on the Mercury in theſe 
two Experiments is plain from the force 
with which fermenting Muſt will burſt the 
8 | ſtrongeſt 


— TP PA: ATE ARA 2} WO AAA CHA AI Bs AB ¼— WGES » Hu hr rr re * woven bo 4” 0 "Dy — nt Aint, es + — Hs ere — — — — — - - — = 
” q oF , * 1 8 1 4 a bY u . -1* 1 2 * RY R 
— 9 * 2 * * * r 2 , 8 * : . N 0 Ps 1 1 * 
, ” : o 7 2 — — þ 2 N * * Y a * OT * 
J ' 7 . \ * 
1 


ſutface of the water; the buoyant bod 1 
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Krongel veſſels;/ and Fr the vaſt exploſiye 
force with which the ait generated N from 
nitre in the firing of gun. powder, will burſt 
aſunder the ſtrongeſt bombs or cinnon, and 
whirl fortifications into the . 
This ſort of mercurial gage, made uſe of 


in Experiment 89, with ſome unctuous mat- 


ter, as Honey, Treacle, or the like, on the 
Mercury in the tube, to note how high it 
tiſes there, might probably. be of ſervice, 
in finding out unfathomable . | 


Sea, vis. by fixing this ] 3 to ſome 
| buoyant body which ſhould be ſunk by a 


weight fixt to it, which weight. miglit by 


an eaſie contrivance be detached from the 
buoyant body, as ſoon as it touched the bot- 
tom of the ſea; ſo that the "buoyant 'body 
and gage would immediately aſcend:to the 


ought to be pretty large, and much! - lighter 
than the water, that by its greater eminence 


above the water ir might ile better be ſeen; 


For tis probable that from great depths it 
may riſe at a conſiderable ages kee the 8 


ſhip, tho in a can. 
For greater accutacy it will be needful, 


firſt to wy, this ber; gage, at ſeveral dickerent 
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| ter or — Weg the ee area. air hs 
diſturbed or condenſed, not only by the 
great preſſure. of the incumbent water, but 
alſo by its coldneſs at great depths; and in 
what proportion, at different known depths; 
and in different lengths of time, that an al- 
lowance may accordingly. be made for it 
at unfathomable depts. 
This gage will alſo readily tow the. bs 
pres. of ee in the ee en- 
| dine. ind 10 
But to return to the ſubject of tba two. laſt 
Experiments, which. prove the elaſticity of 
this new generated air; which elaſticity is 
ſuppoſed to conſiſt in the active aerial par- 
ticles repelling each other with a force, 
which i 4 cally proportional to their 
diſtances. That illuſtrious Philoſopher, Sir 
Tac. Neuton, in accounting how air and 
vapour is produced, Opticks Quer. 31. ſays, 
The particles when they are ſhaken off 
© from bodies by heat or fermentation ſo 
% ſoon. as they are beyond the reach of the 
« „ acbon. of the body receding from it, 
« as. 0 from one another, with great 
e 2 HR 


8 x” . * 


ſometimes to \ make: up — 2 mio ef 
« times more ſpace than they did before in 
. the form of a denſe body, which vaſt 
e contraction and expanſion ſeems unintel - 
< ligible, by feigning the particles of Air 
4e to be ſpringy and ramous, or rolled up 
« like hoops, or by any other means than 
“ by a repulſive . power. The truth of 
which is further confirmed by theſe Expe- 
riments, which ſhew the great quantity 
of air emitted from fermenting bodies; 
which not only proves the great force with 
which the parts of thoſe bodies muſt be 
diſtended; but ſhews alſo how very much 
the particles of air muſt be coiled up in 
that ſtate, if they are, as has been e ue 
fpringy and ramous. 2 6 
Io iuſtance in the caſe of the pounded 
Apples which generated above 48 times 
their bulk of Air; this air, when in the Ap- 
ples, muſt be compreſſed into leſs than a 
forty eighth part of the ſpace it takes up, 
when freed from them, and it will con- 
ſequently be 48 times more OT and 
fince the force of compreſſed air is propor- 
tional to its denſity, * force which com- 
preſſes 
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805. 
4 167 ale 4 
F — of 48 of 60d 
Sphere! When the Merküry in che Ba- 
42 Lat dat ht fl, Hari is inches high. 
oP thc IRA or Mettury Werk- 
4 0 fta allis, thitty cubick inches (which 
is eq l ec che weight of ou 


ur atmoſphere on 

ar Ke Gn cabick inch) will weigh 1 
pounds, "I *Stihices, *2t5 grains; and 48 of 
them will Weigh aboye 536 pounds; which 
is thetEforc'equalt to the force with which at 
inch "{quare of the ſurface of the Apple 
would compreſs the air, ſuppoſing there 
were no other ſubſtance but air in the Ap- 
ple: And if We take the ſurface of an Ap- 
ple at 1 ſquare inches, then the whole 
force with which that ſurface would com- 
preſs the included air, would be 1 1 177 6 pounds. 
And ſince action and re. action are equal, this 
would be the force, with which the air in 
the Apple would endeavour to expand it felf, 
if it were, there in an elaſtick and fron 15 
compreſſed ſtate: But fo great an expanſive 


force 1 in all Apple would certainly. rend the 
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be guts influence of the Sun's 8 3 
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2 10 Anahſſe 78 0 the. Airs. 
We may make a like eſtimate: alſo, fr om 


; the great quantities of air which aroſe ei- 
ther by fermentation, or the force of fire 
from ſeveral other b bodies. Thus in Exp. 55. 
there aroſe from a piece of heart of Oat, 


216 times its bulk of air. Now 216 cubick 
inches of air, compreſſed into the ſpace of 


one cubick inch, would, if it continued there 


in an elaſtick ſtate, preſs againſt one ſide of 
the cubick inch, with an expanſive force 
equal to 3310 pounds weight, ſuppoſing 
there were no other ſubſtance but air con: 
taincd in it; and it would preſs againſt the 
ſix ſides of the cube, with a force equal to 
19860 pounds, a force ſufficient to rend 
the Oak with a vaſt exploſion : tis very 
reaſonable therefore to conclude, that moſt 
of theſe now active particles of the new 
generated air, were in a fix d ſtate in the Ap. 
ple: and Oak before they were rouſed, and 
put into an active repelling ſtare by fermen- 
tation and 8 

The weight of a e doch of Apple 


being 191 rains, the weight of a cubick 


inch of air ? of a grain, 48 times that weight 


of air is nearly equal to the fourteenth part 


* e of the ous. . 5 


. 
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And 
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And if to the air thus generated from 3 


veſtet of any vegetable liquor, by fermenta: 


tion, we add the air that might afterwards 


be obtained from it, by heat or diſtillation 


and to that alſo the vaſt quantity of airg 


| Which by Experiment 73 is found to be con- 


tained in its Tartar, which adheres to the 


| ſides of the veſſel; it would by this means 


be found that air makes a very conſidera, | 
ble part of the ſubſtance of n e 
W as of Animals. 

But tho from what has been ſaid, it is 
realdvible* to think, that many of theſe par- 


ticles of air were in a fixt ſtate, ſtrongly ad- 


hering to and wrought into the ſubſtance 
of Apples ; yet on the other handit is moſt 
evident from Exper. 34 and 38, where in- 
numerable bubbles of air inceſſantly aroſe 
through the ſap of Vines, that there is a 
conſiderable quantity of air in Vegetables, 


upon the wing, and in a very active ſtate, 


eſpecially in warm weather, which enlarges 3 
ws 5 96 of their 1 1 
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Ahh of thy Ar. 


Th he fits of the Hidsstario of mineral 
eee on the Air. . 5 
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- HAVE above thewn thi air may "be 

produced from mineral Subſtances, by 
the action of fire in diſtillation. And we have 
in the following Experiments many inſtan- 
ces of the great plenty of air, which is gene- 
rated by ſome fermenting mixtures, abſorbed 
by others, and by others alternately 85 
rated and abſorbed. ys 


EXPERIMENT . 


1 poured upon 2 middle ſized Gold 1 Ring, 
beat into a thin plate, two cubick inches 
of Agua Regia; the Gold was all diſſolved 

the next day, when I found 4 cubick in- 
ches of air generated; for air bubbles were 
continually ariſing during the ſolution: But 
ſince Gold loſes nothing of its weight in 
being thus diſſolved, the 4 cubick inches of 
air, which weighed more than a grain, muſt 
ariſe either out of the pores of the Gold, 
or from the Aqua Regia, which makes it 


: probable, that there are air particles in acid 
ſpirits; 


* 


Ve 


rated 


ſpir irits; aur be! Experilvehei 7575 they abſorb 
air, which air particles regained'theit elaſti- 
city, when the acid ſpirits which adhered to 
them were more ſtrongly attracted by the 
gold, than by the air ande 10 3621564, 
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Ws quarter of a chbirk inch of in] 
and two cubick inches of Aqua-tegia," gene- 
38 cubick iriches of air, the firſt 3 or | 
4 hours, and then abforbed 14 cubick in- 


ches in an hour or te; after which it was 
ſtationary, till I let into the glaſs veſſel a y 


(Fig. 34.) about a quart of freſh dir: Upon 
which it abſorbed ſo faſt, as to make the 
water riſe very viſibly in 4 5, whereby it ab- 
ſorbed 30 cubick inches more. It is very ob- 
ſervable, that air was generated while the 
ferment was ſmall; on the firſt mixing of the 
ingredients: But when the ferment was 
greatly increaſed, ſo that the fumes roſe 


| very:viſtbly,* then there was a change made 
from a generating to an abſorbing ſtate; that 


is, there was more air abſorbed: chan b gene 
ee nid 1 r ee eee 
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the fumes, which aroſe from the n. 


214, Analyſis. of the Air. 
That I might find-whether the air was ab- 
forbed by the fumes only of the Aqua-regia, 
or by the acid ſulphureous vapours, which 
aſcended from the Antzmony , I put a like 
quantity of Aqua regia into a bolthead 4, 
(Fig. 34.) and heated it by pouring a large 
quantity of hot water into the ciſtern æ x, 
which ſtood in a larger veſſel; that retained 
the hot water about it, but no air was ab- 


ſorbed; for when all was cold, the water 


ſtood at the point =, where I firſt placed it: 
Vet in the diſtillation of compound Aqua- 


fortis, Exper. 75. a little was abſorbed. Hence 


therefore it is probable, that the greateſt 
part, if not all the air, was abſorbed by 


. 
* r 


ExyERIMENT xcu. GA 


Some time in February, th i very 
cold, 1 poured upon a quarter of a cubick 
inch of powdered Antimony, a cubick inch 


of compound or double. Agua. forris in the 


bolthead 6, ( Fig. 34.) in the firſt 20 hours 
it generated about 8 cubick inches of air; 
after that, the weather being ſome what 


Warmer, it fermented faſter, ſo as in 2 or 3 


hours 


/ 2 if the Air. ; 217 
_ fo generate 82 cubick inches of air 
; but the following night being very | 
55 little was generated: So the next morn- 
ing J poured hot water into the veſſel x *. 
which rene wed the ferment, ſo that it ge- 
nerated 4 cubick inches more, in all 130 cu- 
bick inches, a quantity equal to TIS 1 times 
the bulk of the Antimon. | 
. fermented maſs looked like Brim- 
ſtone, and when heated over the fire, there | 
ſublimed into the neck of the bolthead a 
red ſulphur, and below it a yellow, which 
ſulphur,” as Mr. Boyle obſerves, Vol. III. 
p. 272.” cannot be obtained by the bare ac- 
tion of fire, without being firſt well digeſted 
in oil of Vitriol, or ſpirit of Nitre. And by 
comparing the quantity of air obtained by 
fermentation in this Experiment, with the 
quantity obtained by the force of fire in 
Exper. 69. we find that five times more air 
was generated by fermentation than by fire, 
which ſhews fermentation to be a more ſub- 
tile diſſolvent than fire; yet in ſome caſes 
there is more air Seneräked by fire than * 


7 5 — 


* 3 


| fermentation. 
Half a cubick inch of oil of ring 
with an „ of compound Aqua- 
E 4 On 


Hartit, generatgd, 36 cubigk,inghs 
tick, af, Which, 9 was all ae ha follow- 
1g e ee n . 
| n! Cala — 4 5 $45 Sq i? 5 1 
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i Same time in u Felrwary, - a arg wp — 2 
pe inch of filing s of. Tron, and a cubick 
inch of — Agua. fortis, wi ithout any 
water, did i in 4 days abſorb 27 cubick inches | 
of air. It having ceaſed to abſorb, 1 poured 
hot Water into the veſſel * &, to try if I 
could renew the ferment. The effect of t this 
Was, that it generated 3 or 4 cubick inches 
of air, which continued in that ſtate for 
ſome days, and was then again reſorhed-. | 
| N. repeated the ſame Experiment in warm 
weather in April. when it more er 
ſorbed 12 cubick inches i in an; Mor. 
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"March lath, + of a eubick inch of lines 
of. Tron, | with, a cupick inch of. ompaynd 
Aqua-fortis, and an equal quantity of, water, 
for the. fixit half hour ahſorbed 5 or 6 cubick 
e 5 Of air; agen in an u hour, more, it had 
; emitted | 
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ve or ſix days. 


cchitteg 3 of air 35 os 


hours more it again reſorbedi what hadebeen 
juſt before emitted. The day; ifgllowing ;ik 


| — ahſorbing, in 1 


or a0 hours, The third day it chad again re 
mitted, or generated 3 or 4, qubick inches 
of air, and thence continued fhanionaryi for 


” air 
A like quantity of 77 of How, and oil 


of Vitriol, . made no ſenſible. ferment, and 


generated a very! little air; ; bur upon pouring 


in an equal quantity of water, it genemred 


in 2 days 43 cubick inches of air s and. in 
3 0 4 days more.jit reſorbed 3 eubick in- 
chezof air; When.the weather turged warmes 
it was generated again, which or aan 
lorped Abe grew. ce N T5 Ahe 


tag a * Nei 10 IA. \ Ny 11 i 224 


Er Of : 2 ne inch bf; lines 8 ran, 
and a. cubick, inch of oil of Vtriol,.. with 
three times its quantity of Water, geqergeed 


mY 


19h phick inches of ar. 


, Filings of Iron, with [dirite of Nine. 
eiter With an equal quantiry of mareg Ot. 
without Water, a 3 air, but moſt wighs 


out water. 


S277 A | | 3th Of 


21 1 00 of b k 

th Of a cubick inch eg: of Ben 
and a cubick inch of Limo Juice, abſorbed 
two cubick inches of air. 

It is remarkable, that the ſame mixtutes 

ſhould change from generating to abſorbing, 
and from abſorbing to generating ſtates; 
ſometimes with, and ſometimes 1 7 hout any 
fenſible alteration of the temperature of tlie 
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Huf a cubick inch of ſpirits of Harte: 
Bork with filings of Tron abſorbed'r + + 
cubick inches of air, with Kling of Copper 
double that quantity of air, a ae 
very deep blue tincture, Which it retained 
long, when expoſed to the open air. It was 
the ſame with ſpirit of Sal Anmoniac, Tay 
filings S tet AP, 01S 

& quarter of a cubick inch of filing s of 
Tron, with a cabick inch of powdered Brim- 


tone, made into a paſte with à little water, 
| abſorbed 19 cubick inches of air in two days. 


N. B. I poured hot water into the ciſtern &, 


(g. 34. ) to promote t the ferment. AT wy 


— — 


10 — A like 


"Low! 


be Ar. 19 


a le quantiry 455 beg of Tran, and 
powdered. Ne Cual, did in 3 ot 4 
days generate 7 cubick inches of air. I could; 
not perceive any ſenſible warmth in this 
ni dure. as was in che men Iron and 
Brimftane. i: + 27H 8 e e 9310 SME 

_ 1(Powdered Brinſon and Neweete . 


Filings of Ion and Water abſorbed 3 or- 
4 cubick inches of air, but they do not ab- 
ſorb ſo much when immerſed. deep in wa- 
ter; what they. . is ee the irſt 3 
or 4 days. . 0 W l 
bets and the hh miengion d. 
Walon Pyrites' in Exper. 20. abſorbed j in 4 
days a quantity I air e e to r 
ble their bulk. 28 
Copper Oar, od Compound 5 1 
either generated nor abſorbed Mn ink mix- ; 
ed with water it abſorbed air. I 
A quarter of a cubick inch of Tims. 5 1 
double that quantity of compound ques 
fortis, generated two cubick inches of air; 


part of the Tin was. eee into a . 


white ſubſtance. | 3532 40 f baton. & 
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e . A dick: Wb of 0 5 
eme Malton Pyriter powder d, with 
a cubick inch of compound Aqua: fortis, ex. 
panded with great violence heat ànd fume 
into a ſpace equal t6:200'cubick inc s and 
in a little time it condenſed into its former 
ſpace, and then e $ 5 5 cubick er 
f ain: +. {1 0194 5 | 

- But the like n of the 5 Mineral, 
dh equal quantities of compound Aqua:for- 


tis and Mater, fermented mote violently, 


and generated above 80 cubick inches of air. 


I repeated theſe Experiments ſeveral times, 
both with and without Water, and found 


er thefmerefFeftt. © ad 
Vet oil of Vitriol and Mater, al bee 


| of the ſame Mineral, abſorbed air. It was 


very waim, n did not. make a e _ 


lition. eee TA 8111 


Es 


\ ExpERIMEN * xcVn 


1 choſe two equal Bark 3 and 
put into each of them a cubick inch of 


„ 


and a cubick inch of Water and compound. 


/ the tr. it# 
powde ted Malten Divites, with only a cu- 
bick inch of compound A 4c. fortit into one; 


Aqua. fortis into the other: Upon weighing 
all the ingredients and veſſels exactly, both 
before and after the fermentation, I found 
the bolthead with compound Aqua fortis alone 
had loſt in fumes 1 dram 5/ grains: But the 
other bolthead with Water and compound 
Aqua Fortis, which fumed much more, had 


loſt 7 drams, 1 ſcruple, 7 grains, which is 


ſix Ix times as "RUDE as the other loſt. 


Exexnihent X VII. 


A cubick en of Newcaſtle Coal pas 
dered, and an equal quantity of compound 
Aqua-fortis: poured on it, did in 3 days 


abſorb 18 cubick inches of air; and in 3 


days more it remitted" andi generated 12 cu- 
bick inches of air; and on pouring warm 


Vater into the veſſel x x (Fig. 54) it re- 


mitted all that had been abſorbed. 
Equal quantities of Brimſtons and com. 


pound Agua. fortis neither generated nor 


abſorbed any air, notwithſtanding hot d 
Fer was poured into = veſſel x s 524 
$ ig | A CU- 


10d. an e quantity 'of fects Aqua- 
Fortis, Windel, Wy or 6 he 12 cubick 
Inches W 
Equal quantities of een 11 Dis. 
min and compound Aqua-fortis, and Water 
abſorbed 16 times their bulk of air. 
The like quantities without water ab- 
ſorbed more eee 7 times their bulk of 


air. - 
Powdered Briftol Marble ee the ſhell 


in which thoſe Diamonds lay) coverec 
pretty deep with water, neither generated 
nor abſorbed air; and it is well known that 


mw water toes” not en e like ſome 
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tes Agua. regia was emed 06 Ole 
Taten per Deliquium much air was gene- 
rated, and that probably chiefly” from the 
Oleum Tartari; for by Exper: 74. "Sal Ter. 


tar has plenty of air in it. 
It was the ſame when oil of 2 wis 


poured on Ol. Tartari; and Ol. Tartari dropt 
2 8 on boyling Tartar generated much air. 


— 


When equal quantities of Water and 
of. Kitrigl, were poured. , on the ſea ſalt ĩt 
abſorbed 15 cubicx inches of air; but when 
in the like mixture the quantity of water 
was double to that of the ail of Vitriol, then 
but half fo much air was. eee 


„ : 4 
>, A, {4 ; * * 
** 
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1 will next ſhew, what effects ſeveral AL 
kaline Mineral bodies bad on the air in fer- 
menting mixtures 

A ſolid cubick inch of e en Chalk, 
: with an equal quantity of oil of Vitrial, fer- 
mented much at firſt, and in ſome degree 
for 3 days; they generated 31 cubick inches 
of air. The Chalk was only a little diſſolved & 
on its e __..-.- 5 

Yet Lime niade of the 1 * Chalk abſorb; 
ed much air; when oil of Vitriol was poured 
on it, and the ferment. ſo violent that it 

breaking the glaſs veſſels, Iwas obliged to Fur 
the ingredients in an Iron veſſel. [| 
Two cubick inches of freſh Lime, and | 
four of common white wine Vinegar ab- 1 
ſorbed in 15 das 22 cabick inches of air. 
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The like quantity of fre ER dh * 
ler abſorbed in 3 days 10 üble inches 
of Ar... 0 257; 2 +947 ene 
Jo cubick ifiches of Lime; and dar hut 
quantity of WW Anmoniac abſorbed" x of 75 dd 


bick inches. 


A quart of unſlaked Ak left for 44 
days, to ſlaken gradually by it ſelf et 
any mixture, abſorbed no air. 

"March 3d, A cubick inch of pow deked 


Belemmitis, taken from a Chalk pit, and an 


equal quantity of oi of Vitriol, generated 
in 5 minutes 35 cubick inches of air. March 
5th, it had generated 9885 more. March 6th, 
it being a hard froſt, ir reſorbed 12 cubick 
inches, ſo it generated in = 128 e and 
reſorbed 12 l 
Powdered Bulotwaitir and Zinses Juice ge⸗ 
nerated plenty of air too; as did alſo the 


Star Stone, Lapis Judaicus, and Selen 
n WP of f Vieriot: e 


| ExparinienT a. 


| Gravelled, that is well burnt, Waits OY 
devveyiteled Silt, and Colcothar of Vitriol, 


MAS d ſeverally under the inverted glaſs 5 E 4 4 
a a] (Fig. 35.) 


1 v of abe Ar. 225 
ig. 35.) inereaſed in . by imbibing 
floating moiſture of the air: But they 
abſorbed no elaſtick air. It was the ſame with. 
| the remaining We Salt of a diſtillation 

of Nie. N 47142 
But 4 or 5 cubick inches of powdered 
freſh Cynder of Newcaſtle Coal did in ſeven 
days abſorb 5 cubick inches of elaſtick air. 
And 13 cubick inches of air were in ; days 
abſorbed by Pulvis Urens, a powder which 
immediately kindles into a live Cole, W 
dat ee to an n air. 


ExernIaent cu. 


What effect burning and flaming boils: 
andthe reſpiration of Animals have on the 
ait, we ſhall ſee in the, de AN = 
ments, vis. 

I fix'd upon the pedefial under the inver- 
ted glaſs 8 E aa (Fig. 35.) a piece of 
Brown Paper, which had been dipped in a 
ſolution of Nztre, and then well dryed ; I 
ſet fire to the Paper by means of a bur. 
ning glaſs: The Nitre detonized and burnt 
briskly for ſome time, till the glaſs 52 44 
was _—_ Fall: of thick fumes, which extin- 


FI e 9 


2 26 Aialyf of | bt. 
guiſhed it. The . — 1 by the 
burning Nitre, was equal to more than two 
| : quarts: 4" When all Was cool, there Was near 
go cubick inches of new generated air, Which 
aroſe from a ſmall quantity of detonized Ni. 
tre 3 but the claſticity of this new air daily 
decreaſed, in the ſame manner as Mr. Haukſ: 
bee obſerved the air of fired Gunpowder to 
do, Phy/ico-mechanical Exper. p. 8 3. ſo that 
he found 19 of 20 parts occupied by this 
air to be deſerted in 18 days, and its ſpace 
filled by the aſcending, water; at. which ſta- 
tion it reſted, continuing there for 8 days 
without alteration : And in like manner, I 
found that a conſiderable part of the air, 
which was produced by fire in the diſtil. 
lation of ſcyeral ſubſtances, did gradually 
loſe its elaſticity in a few days after the 
diſtillation was over ; but it Was not ſo 
when I diſtilled air thro' Water, as in Expe- 
riment 77. (Fig. 3%). 


. * 4 


EXPERIMENT. cu. 


* placed on the fame pedeſtal rome FO 
made. of linen rags dipped in melted Brim- 
Ae, The capacity * the veſlel, (Fig. 35.) 
—— 5 above 
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above 2 S the ſurface of the water, was 
qual to 2024 cubick inches. The quantity 
of air which was abſorbed by the rg 
Matech was 198 cubick inches, equal to 7 
part of the whole air in the veſſel. y 

I made the ſame Experiment in a leſſer 
veſſel S $aa (Fig. 35.) which contained 
but 594 cubick inches of air, in which 150 
cubiek inches were abſorbed, 3. e. full 4 
part of the whole air in the receiver: 80 
that tho more air is abſorbed by burning 
Matches in large veſſels, where they burn 
longeſt, than in ſmall ones, yet more air, in 
proportion to the bulk of the veſſel, is ab- 
ſorbed in ſmall than in large veſſels: If a 
freſh Match were lighted, and put into this 
infected air, tho it would not burn 5 part 
of the time that the former March burnt 
in freſh- untainted air, yet it would abſorb 
near as much air in that: ſhort time; and it 
vas on; ns: n. Candles. ee 


kKrrszainzxr ov. 


„Ace quantities of hue: of ny and | 
Brimpfone, when let fall on a hot Iron on 
nnen the inyerted glaſs ⁊ 4 4, 

| . 
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(Eig. 35.) did in burning abforb much air; 

and it was the ſame with — 

Brimſtone: Whencce it i that Yul. 

canois, whoſe. feel conſiſt chiefly of Brin 

fone, mix'd with ſeveral mineral and me- 
taline Ubfances, do, ERIE, 1 rather 
ahſotb aii. 

Me find in the beg Ea pabnwgit:' r02 
on Nitre, that a great part of the new ge- 
nerated air is in a few days r eſorbed, or 

loſes its elaſticity: But the air which is ab- 
ſorbed by; burning Brimſtame, or the flame 
of a Candle, does not recover its elaſticity 
again, at _— not een en in my 
N ie, e i ü en i ein 


Exyzn RIMENT' ov.” af rod 
HER. hid 

30 made Gta 3 ene to e 

air full of the fumes: of burning Hrim- 
fone was as compreſſible as:common.freſh 

air, by compreſſing at the ſame time tubes 
full of each of theſe, airs in the condenſing 
engine; and I found that clear air is very 
little more compreſiiþle; than air withfumes 
of;Bramftone int it: But: Iicould not eome to 
neee . 8 
( 8. #3 | fumes 


- 


* 225 
lunes beet 8 ame time bse ping the 
icity of the air. I took care to make 

5-of the fame 'tempera: 


ture; by firſt immerſing yg in cold water, 
| before 1 compreſſed 4! them. 


51 891 _ itt e "4 i wo 1 
en e "Exprniits ENT cv. 
4 ler a  Ughted bw * unde which” was 


ut r of an inch diameter, under the in- 
ed teceiver 2 E 4 B, (Fig. 35.) and with 
4 fyphon I immediately drew the water up 
to 25 Then drawing out the yphon, the 
water would deſcend for a quarter of a mi- 
nute, and after that aſcend, notwithſtand- 
ing tlie Candle continued burning, and heat- 
ing the air for near 3 minutes. It was ob- 
ſetvable in this Experiment, that the ſut- 
fice ef the water S 2 did not aſcend with 
at equal progreſſion, but would be ſome- 
times ſtationary; and it Would ſometimes 
move with a flow, and ſometimes with an 
accelerated motiòn; but the denfer the fumes 
the faſter it aſcended; As ſooh as the Ca- 
dle was at; 1 marked the height öf the 
warer above 2 S, which difference” was c- 
qual t the quantiey"of air, whoſe elaf. 
nn 23 | ticity 


8 2 30 Analyſis of the' - _— 
ticity was deſtroyed by the-bueniy ig Candle 
As the air cooled and condenſed: in the re. 
ceiver, the water would continue riſing a. 
bove that mark, not only k till all was co 
but for 20 or 30 hours after thatʒ Which 
height i it kept, tho it ſtood many days; which 
ſhews that the air did not 8 the _ 
city which it had loſt. | E nt 
The event was the a when * grea 
ter accuracy I repeated this Experiment by 
lighting the Candle after it was placed un · 
der the receiver, by means of a burning glaſs, 
which ſet fire to a ſmall piece of brown pa- 
per fixed to the wick of the Candle, which 
paper had been firſt dipped in a ſtrong ſolu- 
tion of Nirre in Water, and when well 
dryed, part of it was dipped i in melted Brim: 
fone; it will alſo light the Candle without 
being dipped in Brimſtone. Dr., Mawr 
found the bulk of the air leſſened by 35 part, 
but does not mention the ſize of the glaſs 
veſſel under which he put the lighted, Can- 
dle, De Sp. Nitro- aereo. g. 101. The capa- 
city of the veſſel above 2 , in e the 
Candle burnt i in my Eq erimen 


the 46 part of is Air us — 
| | 1 he 
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Candle cannot be lighted again in 


this infected air by a burning glaſs » But if 
i L firſt lighted it, / and then put it into the 


infected air, tho it was extinguiſhed 
11 f part of the time, that it would burn in 


7 the” Tame veſſel, full of fr H a 


would deſtroy the elaſticity of near as much 
air in that ſhort time, as it did in five times 
that {pace of time in freſn air; this I re- 
peated ſeveral times, and found the ſame 
event: Hence a groſs air which is loaded 
with vapours, is more apt in equal times to 
loſe its — in e 5 


A clear air. 5 


J obſerve Int W the'veſſels ar ul] 2 
and the ſize of the Candles unequal, the e- 
laſticity of more air will be deſtroy ed by 
the large than by the ſmall Candle: And 


where Candles are equal, there moſt air in 
proportion to the bulk of the veſſel Will 


be abſorbed: in the ſmalleſt veſſel: Tho? 
with equal Candles there is always moſt 
—.— ait — j9.1the; ee 8 7 ſl, 


veſſels, by —— eg ixtgics: 
As in the mixture of Aqua regia and Anti. 
mony in Experiment 91, by enlatging the 
bulk of the air in the veſſel, a greater quan- 
tity of air was abſorbed. Thus alſo. inge 
of Von and Brim 1ſone; which in a more Car 
pacious veſſel abſorbed 19 cubick inches 
of air, abſorbed very little when, the bulk 
4 cubick inches: For I have often obſexved, 
that When any quantity of air is ſaturated 
With ahſogbing vapouts.tq.a. ccrtain degree, 
then no more elaſtick air is abſorbed: Not- 
withitanding the ſame quantity of abſarb- 
ing ſubſtances would, in a larger quantity 
of air, have abſorbed much more air; and 
this is the reaſon why I was never able to 
| deſtroy. the whole. £laſlicity hpi included 
bulk of air, whether it, w 5 al 
or EV speed Sib{ind e 
011 T i Agilent: ii bd 19168 5 


Poe. aus Xr ERIMA Nr vil . 


8 13, which was à very hot day, 
repeated Dr. "Mujow/S'Expetinicht, to find 
how! müeh air is àbforbed by the breath of 
Ammals ineloſed in grits, which he Found 
with a"mouſe cb Aw of the whole 


41 3 | air 


was abſorbed, Was qual 
inches, vis. I part of the Whole air, 
which the Rat biearhed in: A Cut 0 3 


F * ; 5 
* 
+ 4 5,48 


ur in the dali ved De H. Nitro anno, 


rel.. E loans ©5551 10 ge 

placed on the pedeſtal, under wheinves 
d: glaſs'2 2 4 4; Fig. 35. Ya Yall growu 
Rat. At firſb the Water ſubſided a little, 
which was occaſioned by the ratifaftion of 
the air, cauſed by the heat of the AnimaPs - 


body. Bur after'a few minutes the water 


began to riſe, and continued riſing as long 
as the Rat lived, which was about 14 hours.” 
The bulk of the Air in which the Rat 
lived fo many hours was 2024 cubick inchesz : 
the quantity of claſtick air which was ab- 


ſorbeck Was 73 cubick inches, above 2 7 part 


of the whole, nearly what was abſorbed 
by a Candle in the ſame veſſel, in eee 
ment 106. 11 * © I n 1. K. 


tha 1 e at the _ time in we Lie 


- half grown Nat 
undet a veſſel; whoſe capacity above the 


ſurface of the Wake E (Pig 35.) was but 


594 cubick inches, , in which it lived 10 


$; the quanrity of elaſtick Air ee 
2 to 45 cubick 


8 old lived an hour in the ſame re- 


eeiver, 


— 
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mere and abſorbed 16 cubick inches of air; J 
ig. 36 part of the whole; an allowance 
being made in this eſtimate, for the bulk 
of the Cat's body. A candle in the ſame 
veſſel continued burning but one minute, 
and abſorbed 34 cubick ne 1 word! of 
the whole air. n 
And as in the caſe, of mice Bua des 


en Candles, more air was found to be ab- 
ſorbed in large veſſels, than in ſmall ones; 


and vice verſa, more Air in proportion to 
the capacity of the veſſel was abſorbed 
in ſmall, than in large veſſels; ſo the ſame 
holds true. Jets too in the s of aan 
: mals, VN . TP ive ingyl es Log 


N i 
i 28 * "y 
+ by 2 


ExPERIMENT C VIII. 


The following Experiment will ſhew., 
that the elaſticity of the Air is greatly de- 
ſtroyed by the reſpiration of human lungs; 
Viz. AN 71975 2h Hidin 46 
LY. made a bladder very, 0 by wet ** 

of it, and then cut off ſo much of the 2 neck, 1 
as would make a hole wide enough for the 
biggeſt end of a large foſſet to enter, to which 
the bladder vas bound faſt. The bladder 

TN” + 


Sd * 
” Gf k „ ©» 


Analyſis of ibe Aw. 2137 
and foſſet contained 74 cubick inches. Hav. 
ing blown up the bladder, I put the ſmall 
end of the foſſet into my mouth; and at 
the ſame time pinched my noſttils cloſe 
that no air might paſs that way, ſo that 

E:cquld 1 only breath to and fro the air 
contained in the bladder. In leſs than half 
a minute I found a conſiderable difficulty 
in breathing, and was forced after that to 
fetch my breath very faſt; and at the end of 
the minute, the ſuffocating uneaſineſs was 
ſo great, that I was forced to take away the 
bladder from my mouth. Towards the end 
of the minute, the bladder was become ſo 
flaccid, that 1 could not blow it above half 
full with the greateſt expiration that 1 could 
make: And at the ſame time Feould plain- | 
ly /perceive that my lungs were much fallen, 
juſt in the ſame manner as when we breath 
cout of them all the air we can at once. 
Whence it is plain that a conſiderable quan- 
tity of the elaſticity of the air contained 
in my lungs, and in the bladder was de- 
ſtroyed :? Which ſuppoſing it to be 20 cu- 
bick inches, it will be £ part of the whole 
Ait, which I breathed to and fro; for the 
er contained 7h cubick inches, and the 


* 


rot f | 5 1 lang 


236 Analyſis of the Air. 
lungs by the following Experiment abou 
166 cubick- inches, in all. a K ttt 

Theſe effects of reſpiration. on the zlaſti- 
city of the air, put me upon making an at- 
tempt to meaſure the in ward ſurface of the 
lungs, which by a wonderful artifice art 
admirably -contrived by the divine artificer, 
ſo as to make their inward ſurface to be 
commenſurate to an expanſe of Air many 
times greater than the animal's body; as will 
ee ee the enn ne vi. 


13 


\ExynImant ch. 
10 Ge the 15 5 of 4a Calf br cut of 
the heart and windpipe an inch above its 
branching into the lungs; I got nearly the 
ſpecifick gravity of the ſubſtance of the lungs, 
(which is a continuation: of the branchings 
of the windpipe, and blood veſſels) by find. 
ing the ſpecifick gravity of the windpipe, 
which I had cut off; it was to Well water 
as 1.05 to 1. And a cubick inch of water 
weighing 254 grains; I thence found by 
wieighing the lungs the whole of their ſo- 


lid ſubſtance 10 be 0 $0.37 bs 3 cubick 
4 inches. 


, 3142111 by 1 1 = 5 27 4 10 4 45% 1 . 
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a hen filled a large earthen veſſel brim 
fall of water; and put the lungs in, which 

ew. up keeping them under water with 
1 pewrer plate. Then taking the lungs out 
and letting the plate drop to the bottom of 
the water, I poured in a known quantity of 
water, till the veſſel was brimful again; that 
water was 7 pounds 6 ounces and 1 equal 


to 204 cubick inches; from which deduct | 


ing the ſpace occupied by the ſolid ſub- 
ſtarice of the lungs, vis. 37 ＋ + cubick 
inches, there remains 166 - cubick inches 


for the cavity of the lungs. But as the Pul- 


monary Veins, Arteries and Lymphaticks 
will, when they are in a natural ſtate re- 
pleat with blood and lymph, occupy more 
ſpace than they do in their preſent empty 


ſtate; therefore ſome allowance muſt al- 


ſo-be-made, out-of the above taken cavity 
of the lungs; for the bulk of thoſe fluids ; 
for which 25 + 5 cubick inches ſeems to 
be a ſufficient- proportion, out of the 16 
+= cubick inches; ſo there remains 141 
cubick inches for the cavity of the lungs. 

I poured as much water into the Bron- - 


chie as they would take in, which was f 


uy '$-OUnces, — to 41 cubick inches 
this 
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this deducted from the above found cavity 
_ of the lungs, there remains 100 cubick inches 
for the fam of the ,cavity of the veſicles.” 
De 5: pon viewing ſome of theſe veſieles with 
« microſcope, a middle ſized one ſeems to 
| beabout-75+ part of an inch diameter; then 
the ſum of the ſurfaces in a cubiek inch 
of theſe ſmall veſicles (ſuppoſing them to be 
{o- many little cubes, for they are not ſphe- 
rical) will, be 300 ſquare inches; which mul. 
tiplied by the ſum of the cavity of all the 
veſicles in the lungs, vi. 100 cubick inches, 
will produce 30000. ſquare inches; one 
third of which muſt be deducted, to make 
an allowance for the abſence of two ſides 
in each little. veſicular cube, that there 
ke be a free communication among 
them for the Air to paſs to and fro; ſo 
there remains 20000 ſquare inches for the 
ſum of the ſurface of all the veſicles. 
And the Bronchiæ containing 41 cubick 
inches, ſuppoſing them at a medium to 
be cylinders of v of an inch diameter, their 


ſarface will be 1635 ſquare inches, which 
added to the- ſurface. of the veſicles makes 4 
the ſum of the ſurface of the 9 r 


r to be 21635 ſquare inches, 4 
won 


#:\have: not: had an opportunity to take = 
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$0-ſquare feet, which is equal to Io times 


3 ſurface of a man's body, which at a me- 


dium is com uted at 15 ſquare feet. 


in the ſame manner the eapacity and dimen- 
yen. of human lungs; the bulk. of which 
Dr. James Keill in his Tentamina Medico- 
phyſica, p. 80. found to be equal to 226 cu- 
bick inches. Whence he eſtimated the ſum 
of the ſurface of the veſieles to be. 21906 
ſquare inches, which is nearly the ſame 
vith my eſtimate of the Calve's lungs. But 
the bulk of human lungs is much more ca- 


pacious than 226 cubick inches: For Dr. 


Jurin, by an accurate Experiment, found 
that he breathed out, at one large expirati - 
on, 220 cubick inches of Air; and I found 
it nearly the ſame, when I repeated the like 
Experiment in another manner: So that 


there muſt. be a large allowance made for 


the bulk of the remaining Air, which could 
not be expired from the lungs; and alſo 
for the ſubſtance of the lungs. 
Suppoſing then, that according to Dr. 
Jurin s eſtimate (in Mott s Abridgment of 
the dee — Vol. I. P. 415.) 


* ba . . 


cubick 


bick inches in an hour, at: the rate: of 20/1 
ſpirations in a minute. A conſideral — 
f icy Wy: of aich ar nne de 


But it is not 3 
1 deo feds" J attempted to find ie at by 
the following Experiment; which Thall h 
give an account of, tho" it did not ſucceed 
10 well:as'I could have wiſhed, for want © 

much larget veſſels; for if it was repeate. 
with more capacious veſſels, ld de 
termine the matter pretty accurately; becauſe 
by this artifice freſh air is drawn into the 
lungs at every e as? wer ep 
free . po air. ett e eee 
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4 in iet e ſyphon (Fig. 39.) tak 
ing away the bladders, and diaphragms 11 
nn I fixed by means of à bladder one 
end of a ſnhort leaden phon to the lateral 
foſſet ii: Then I faſtened the” large ſyphon 


in a _—_ and filled it Win water, till it 
roſe 


— 9 4 hore, Gphen, 
which was. depreſſed for that putpoſe. Over 


oriſica L placed a large-inverced chymis 
cal receiver all al weten ande. the 


le er down lower. and Jower.by 
Ing .my, noſtrils, drew, in breath, a, a, 
theo? che ſyphon. from the empty receiver: 
And when that by deen e e. a. 
nt nes wn DOIN the wh 


water deemed: a as 1 1 N In 
this manner I drew All the ait, except 5 or 
6 cuhick inches, out of the empty receiver at 
Os, the drter * jp HG. Die aſcending 


tes ai inake ewpry cler an as 


he. mane es a ful 


i 
5 
: 
i 
i 
if 
| 
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to ae with, 1 had: | 
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of water. 1 marked the boundaty-: of ait 

and water, and then immerſed the Whole 
receiver, which had the breath in , under 
water, and there gradually poured the con- 
tained breath up into the other full receiver, 
which ſtood inverted over og, whereby 1 


could readily find, whether the air had loſt 


any of its elaſticity: And for greater ſurety, 


1 alſo meaſured the bulk of breath by filling 


the receiver with a known quantity of water 


up to the above mentioned mark making 


alſo due allowance for a bulk of air, equal 
to the capacity of the large ſyphon 0 40, 
which was at laſt ſucked full of water. 

The event Was, that there Was 18 <ubick 
inches of air wanting but as theſe receivers 
were much too ſmall to make the Experi- 
ment with accuracy; ; that ſome allowance 
may be made for errors, „I will ſet the loſs 
of beer econ air at 9 cubick inc ves, which i is 
but; 125 part of the whole air reſpired, which 
will amount to 353 cubick inches in one 


Hour, or 100 grains, at the rate of 45 


eubick inches inſpired in an hour, 4 
ounce aud a half in twenty fout hours. 
By pouring the like quantity of air co and 

a Aitfle'or none 
| of 


. one 
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bf it was loſt; ſo it was not abſotbed by 
the water: To make this tryal accurately, the 
air muſt be detained fome time under water; 
to bring it firſt to the ſame temperature with | 
the water. Care alfo muſt be taken in mak- 
ing this Experiment, that the lungs be in the 
ſame degree of contraction, at the aft breath 
ing, as at the firſt, elſe conſiderable ww 
may ariſe from thence. 

"But tho this be not an exact eſtimate, yet 
it is evident from the foregoing Experiments 
on teſpiration, that ſome of the elaſticity of 

the air, which is inſpired; is deſtroyed; and 
that chiefly among the veſicles, where it is 
moſt loaded with vapours; whence probably 
ſome of it, together with the acid ſpieits, 
with which the air abounds, are conveyed 
to the blood, which we ſee is by an admi- 
rable contrivance there fpread into a vaſt 
expaniſe, commenſurate to a very large furs 
face of air, from which it is parted by very 
thin partitions; ſo very thin, as thereby 
probably to admit the bloc and air particles 
( which are there continualfy changing from 
an elaffick to 4 ſtrongly attracting lite) 
Werd N reh of each other's attra 
R vhereby 


| 
| 
| 
| 
| 


| 
| 
| 
| 
| 


may be abſorbed by the blood. 
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whereby a continued err ndn 10 f 


And in the analyſis of the blood, either 


by fire or fermentation in Exper. 49 and 80, 


we find good plenty of particles ready to re- 
ſume the elaſtick quality of air: But whe- 


ther any of theſe air particles enter the 


blood by the lungs, is not eaſie to deter- 


mine; becauſe there is certainly great ſtore 


of air in the food of animals, whether it be 


vegetable or animal food. Vet when we 


conſider how much air continually loſes 


its elaſticity in the lungs, which ſeem pur- 


poſely framed into innumerable minute me- 
anders, that they may thereby the better 
ſeize, and bind that volatile Hermes: It 
makes it very probable, that thoſe particles 


which are now changed from an elaſtick re- 


pulſive, to a ſtrongly attracting ſtate, may 
eaſily be attracted thro the thin partition of 
the veſicles, by the ee ane | 


which abound in the blood. 


And nature ſeems to.make uſe of the like 
artifices in vegetables, where we find that 


air is freely drawn in; not only with the 
principal fund of nouriſhment at the root, 


4 2 _ » % > L 7 
* b ; 


s of the. OY ; This 


but: 4 thro ſeveral parts of the body of 

the vegetable above ground, which air was 
ſeen to aſcend in an elaſtick ſtate moſt freely 
and viſibly thro the larger tracheæ of the 
Vine; and is thence doubtleſs carried with 
the ſap into minuter veſſels, where being 
intimately united with the ſulphureous, la- 
line and other particles, it forms the nutti 
tive ductile matter, out of which all the 
uu of e do WOE: TIRE 


ExXyERIMENT Cxi. 


br is ne from theſe effects of the fumes 
of burning Brimſtone, lighted Candle, and 
the breath of Animals on the elaſticity of 
the air, that its elaſticity in the veſicles of ; 
the lungs muſt be continually decreaſing, 
by reaſon of the vapours it is there loaded 
with ; lo that thoſe veſicles would in a lit- 
tle time ſubſide and fall flat, if they were 
not frequently repleniſhed with freſh elaſ- 
tick air at every inſpiration, thro” which the 
inferior heated vapour and air aſcends, -and 
leaves room for the freſh- air to deſcend in- 
to the veſieles, where the heat of the lungs 
1 make! it expand about 4 part; which degree | 

4 NN 1 6 


[5 
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of expanſion of a temperate air, I found by 


inverting a ſmall glaſs bubble in water, A 
little warmer than a Thermometer is, by ha- 
ving its ball held ſome time in the mouth, 
which may reaſonably be taken for the de- 

ree of warmth in the cavity of the lungs. 

hen the bubble was cool, the quantity 
of water imbibed by it was equal to F of 
the cavity af the whole bubble. 
But when inſtcad of theſe. frequent re- 


cruits of freſh air, there is inſpired an air, 


ſurcharged with acid fumes and vapours, 


which nat only by their acidity contract the 


exquiſitely ſenſible veſicles, but alſo by their 
groſſneſs much retard the free ingreſs of the 
air into the veſicles, many of which are ex- 
ceeding ſmall, ſo as not to be viſible with- 
out a microſcope; which fumes are alſo con- 
tinually rebating the elaſticity of that air; 


then the air in the veſicles, will by Exp. 107 


and 108 loſe its elaſticity very faſt, and con- 
ſequently the veſicles will fall flat, notwith- 
ſtanding, tue endeavours. of the. extending 
Thorax to dilate, them as uſual 5' whereby 
the motion of the blood thro aug be⸗ 
ing Ropped, en death en . 


Ans 


W 1 > I | Which 
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noxious Yapours, has hitherto been ſuppoſed 
to:bowhbolly. owing to the loſs and waſte of 
_ unreaſonably. be alſo attributed to the loſs 


of a conſiderable part of the air's claſticity, 
and the graſfnets and denſity of the vapours, 


which the air is charged with; for mutu- 
ally attracting particles, when floating in ſo 
thin a medium as the air, will readily coa- 


leſce into groſſer combinations: Which 


effect of theſe vapours, having not been duly 


obſerved before, it was concluded, that 
they did not affect the air's elaſticity; and 
that conſequently, the lungs muſt needs be 
as much dilated in ihn 1 r as 


by 2 clear air. 
But that the lungs e not ita 8 as 


late as uſual, when they draw in ſuch noxi- 


ous air, which decreaſes faſt in its elaſticity, 
I was aſſured by the Experiment I made on 
my ſelf in Exper. 106. for when towards 


the latter end of the minute, the ſuffocating 


quality of the air in the bladder was grea. 
teſt, it was with much amen at I 
_— en ny: ene, _ e | 


ch ſudden and. fatal effect of theſe 


F. 8 5 , 1 N 2 
A P! DO PRoe iT 20-7 LE INE” 


o 
U 
1 
$4 
1 
$3 
$4 
of 
, . 
> : * 
7 * 1 
1 
1 
mY 3 
i 
: . 
N 1 
8 7 
1 
* 
1 Ja 
N 1 
: . 
' ö 3 
o 
'$ + 
- 
| 
1 
'T 
N j 
. ' 7 1 
_+ 
5 
; N 
F - 
3 i 
* 7 
1 
24 1 1 
+ 187 
124 99 
” \ 
l ” 
: * * 
Q 14 4 ' 
. * 
| ge 
. 1 7 
s „ 
cs. 
1 3 p 
„ 
1 6! 
4 * 
— 
. 
8 
4 ba 
bo * - 
. . 
. 
44 
* 
TY , 
4 11 
5 1 
1 
; 
f 1 
2 * 
i, 
” =, 
i= 
9 
y 
RS) 
2 
1 
* 
7 


_ + | 


— 4 Au cy — 


part of: * — 705 —— 


account may be given, of what becomes of 


2 redundant quantity of air, Which may at 
any time have gotten into the cavity of the 


Thorax; either by a wound, or by ſome defect 
in the ſubſtance; of the lungs, or by very 
violent exerciſe. Which if it was to con- 
tinue always in that expanded ſtate, would 


very much incommode reſpiration, by hin- 
dering the dilatation of the lungs in inſpira- 
tion. But ir the vapours, which do con- 
tinually ariſe in the cavity of the Thorax, 

deſtroy ſome part of the elaſticity of the air; 
then there will be room for the lungs to 
heave: And probably, it is in the ſame man- 
ner, that the winds are reſorbed, which in 


their elaſtick ſtate fly from one part of the 


body or limbs to another, cauſing: by their 
diſtention of the veſſels much pain. 
— 4 * "HR 4 PE R I MEN r Cx f ft wy 3 4. as 


"Dawn 1 the following! eee ende 
that the air will paſs here and there thro the 


ſubſtance of the lang with a very ſmall 


force, Viz, | I cut 


+ Tut aſunder the dodies or ſeveral young 
and final bunimais juſt below the Diaphragm; 
andathen taking care not tö cut any veſſet 
belonging to the lungs; I layed the Thorax 
open by taking away the Diphragm, and 
ſo much of the ribs, as was needful to ex- 
poſe the lungs to full view, when blown 
up. And having cut off the head, I faſtned 
the windpipe to a very ſhort inverted leg of 
2 glaſs ſyphon; and then placed the inver- 
ted lungs and ſyphon in a large and deep 
glaſs veſſel 'x full of water (Fig. 32.) un- 
der the air pump receiver pp p, and paſſing 
the longer leg of the ſyphon throꝰ the top of 
the receiver, where it was ceniented faſt at 
2, as I drew the air out of the receiver, the 
lungs dilated, having a free communica- 
tion with the out ward air, by means of the 
glaſs ſyphon; ſome of which air would 
here and there pas in a few places thro? 
the ſubſtance of the lungs, and riſe in ſmall 
ſtreams thro' the water, when the receiver 
was exhauſted: no more than to make the 
Mercury in the gage riſe leſs than two inch- 
es. When I-exhauſted the receiver; ſo as 

to raiſe the Mercury 7 or. 8 inches, tho it 
made the air ruſh with much more violence 

e thro 
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N of the lungs, yet 1 did not perceive that the 


number of. thaſe apertures were inereaſed, 
or at teaft+ very little. An argument that 
thoſe apertures were not forcibly made by 
exhauſting the receiver leis than two inches, 
but were originally in the live animal; and 
that the lungs of living animals are fome- 
times raiſed with the like force, eſpecially 
in violent exerciſe, 1 Wer _ a _—_ 
ing Ins Vis. 


* 


ExyrnneNtT cxm. 


1 id downa live Dog on his mg the 

edge of a Table, and then made all hale 

thro the intercoſtal muſcles into His The- 
rar, near the Diaphragm. 1 cemented falt 
into this hole the incurvated end of a glaſs 
tube, whoſe orifice was covered with a lit- | 
tle cap full of holes, that the dilatation of 
the lungs might not at once ſtop the ori- 
fice of the tube. A ſmall vial full of ſpirit 
of Wine was tyed to the bottom of the 


perpendicular tube, by which means the 


tube and vial could eaſily yield to the mo 


tion 0 28 FOR body, without danger: of 


3 
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breaking the tube, which was 3 & inches long. 
The event was, that in ardinary inſpirations, 
the ſpitit roſe about fix inches in the tube; 
but in great and laborious inſpirations, it 
would riſe 24 and 30 inches, ue. When 1 
ſtopped the Dogs noſtrils and mouth, ſo that 
be could not breathe : This Experiment ſhews 
the force with which the lungs arc raiſed by 
the dilatation of the 7; Borax, either in ordi- 
nary or extraordinary and laborious inſpira- 
tions. When I blew air with ſome force in- 
to the Thorax, the Dog was jolt ready to 

. 

MF means of another ſhort — — which 

had a communication with that which was | 
fixed to the Thorax near its inſertion into 
the Thorax, I could draw the air out of the 

| borax, the height of the Mercury, inſtead 
of ſpiritin the tube, ſhewing to what degree 
the Thorax was exhauſted of air: The Aer. 
cury was hereby reiſed nine inches, which 
would gradually ſubſide as tha. Sing _ 
the Thorax thro the lungs. - 

Iten leyed bare the 8 and hos 

ving cut it off a little below:;the ZLarmx; 1 
affued to-it-a-bladder full of air, and then 
ae d ſucking air qut of the — 
wit 
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with A force ſufficient to hong: a -lungs 
pretty much dilated. As the Mercury fub- 
ſided i in the gage, I repeated the ſuction for 
⁊ quarter of an hour, till a good part of the 
air in the bladder was either drawn thro 
the ſubſtance of the lungs into the Thorax, 
or had loſt its claſticity. When I preſſed the 
bladder, the Mercury ſubſided the faſter ; the 
Dog was all the while alive, and would 
probably have lived much longer, if the 
Experiment had been continued; as is likely 
from the Aa Experiment, VIS. 


"Exe: ERIMENT cxrv. 
"x tyed a middle ſized Dad down alive on 


a table, and having layed bare his windpipe, 
I cut it aſunder juſt below the Larynx, and 


fixed faſt to it the ſmall end of a common 


foſſet; the other end of the foſſet had a 
large bladder tyed to it, which contained 
162 cubick inches; and to the other end of 
the bladder was tyed the great end of ano- 
ther foſſet, whoſe; orifice was covered with 
a valve, which opened inward; ſo as to ad- 
mit any air that was blown into the bladder, 


but none could return that way; yet for fur- 
: ther 
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kae Su ? that | pallage was alſo op zed 
_ vith Sight. Pa 
As ſoon as ile Pry foltet Wis teck faſt to 
the windpipe, the bladder was blown full of 
4it"thfo' the other foſſet; when the Dog had 
breathed the ait in the bladder to and fro. 
| for à minute or two, he then breathed very 
faſt, and ſhewed great e rie as e 
almoſt ſuffocated. NG 
15 Then with my m 1 prefied this blads 
der hard, ſo as to drive the air into his lungs 
- with ſome force; and thereby make his Ab. 
_ domen riſe by the preſſure of the Diaphragm, 
as in natural breathings: Then taking alter» - 
nately my hand off the bladder, the lungs 
with the Ababmen ſubſided; I continued in 
tts manner, to make the Dog breathe for 
in hour; during which time I was ob- 
iged to blow freſh air into the bladdet every 
five minutes, three parts in four of that ait 
being either abſorbed by the vapours of the 
lags, or eſcaping thro' the ligatutes, upon | 
my preſſing hard on the bladder: 
During this hour, the . | 
near expiring whenever T preſſed the air 
but weakly into his lungs; as 1 found by 
his pulſe, which was very plain to be felt- 
* 63 in 


1 minutes, when the air was fulleſt of 


is: the great unt Mnesyine ae tba, 
which place an aſſiſtant held his finger dt 
moſt part of the time; but the languid pulſe 
was quickly accelerated, ſo as to heat faſt; 
ſoon after I dilated the lungs much; by pref | 
ſing hard upon the bladder, eſpecially when 
the motion of the lungs was non by 
preſſing alternately. the Abido 
bladder, whereby both the — arid 
dilatation of the lungs was increaſed. : 

And I could by this means rouſe mel lan. 
gad pulſe whenever I pleafed, not only at 
the end of every 5 minutes, when more air 
was blown into the bladder from a mans 
lungs, but alſo towards the end of the 5 


At the end of the hour, I intended to xy 
whether J could by the ſame means have 
kept the Dog alive ſome time longer, when 
tho bladder was filled with the fumes of bur- 
ning Brimftone: But being obliged! to ceaſe 
for a little time from preſſing the air into 
his lungs, while matters were preparing for 
this additional Experiment, in the mean time 
the Dog dyed, which ere eder _ 
lived longer, if I had contint ed to 
ait r into Aist enz tn on nt n 


hyde as Copied Was 


quenti) diſturbed, by being obliged 2 bg 0 


nort air into the hladder twelve times du- 
ring the hour 3; yet ſince he Was almoſt fie 
focated in leſs than two minutes; by brearh- 
ing of. himſelf to and fro the firſt; air in the 


bladder, he would by Experiment 106 on 


Candles, have dyed in leſs thantwo minutes 


when one fourth of the old air remained 
in the bladder, immediately to taint the 


| new admitted air from a mans lungs s is 


that his continuing to live chro' the the whole | 


hour, muſt be owing to the-forcible di aka- 
tion of the lungs, by comprefling the blad- 


3 firſt 5 or 10 minutes, been ocrtainly 
deal in leſs than a minute, when hispulle' was 


ſo very low and weak, which I did not 


find to be revived barely. by blowing; ; 
parts: in 4 of new air from the lungs of a 
man into the bladder: But it was conſtant- 


dy rouſed andquickned, whenever I increaſed 
the dilatations of the lungs, by compreſſing 
dhe bladdet more vigoroufly; -antl that whe- 


n end of each 
9 . yet it Mas more mne 7 
9 „„ when 


eee ee eee een, 
nithout that forcible dilatation, he had, 
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when 0 dder: was 
filled, than when it was 
From theſe VO. 
life of animals; we may — 
ration is proportionably incommoded, I 
the air is loaded withy: Ilex degrees pdf 
pours, which vapours do in £ — 
clog and lower the airnelatigity ; which 
regains by having theſe vapours. dil 
pelled by. the ventilat 
free Ten. — 14 re 


call — warm ren — deen long 
* in a room, without hangs 


Ox ee, zauncls,. inproportion to rhequa 
2 — which nne 4 

| 9 ai air in 4 8 
admittance of freſh air to carry off the va 
pours that are raiſed, as alſo the moder 


— — in — "chimneys, which 
| (Lf: t - 4. | | bs 5 fires 


iich ſtream muſt ne ceſſarily be: ſup- 
led with rr 8 of freſn air, 
che door and windows, or the ctanies 
of em. e Rr d 5 
ets — oak — in the 
freſh-.country-air, - are greatly incommoded 
in their breathing, when they come into 
large cities Where the air is full of fuliginous 
apours; ariſing from innumerable coal fires, 

and ſtenches from filthy lay: ſtalls and ſewers: 

A the moſt robuſt and healthy in 
N from a city to a country air, find 
exhilarating pleaſure, ariſing from a more 
_ and kindly inſpiration, whereby the 
lungs being leſs loaded with condenſing air 
nd yapours, and thereby the veſicles more 
— with a clearer and more elaſtick 
air, a freer courſe is thereby given to the 
blood, and probably a purer air mixed wich 
it; and this is one reaſon why in the coun- 
eee ee dry conſtitution of the air is 
more exhilarating than a moiſt thick air. 
And for the ſame reaſon, tis no wonder, 
that peſtilential, and other noxious epide- 
: | * mical 
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mical infections are conveyed by the breath 
to the blood (when we conſider what: great 
quantities of the airy vehicle loſes its ela- 
ſticity among the veſicles, whereby the in: 
fectious Miaſma is lodged in the lungs. 
of elaſtick air, which are deſtroyed by bur- 
ning ſulphur; it ſeems to mẽ not improba- 
ble, that when an animal is killed by light- 
ning without any viſible wound, or imme- 
diate ſtroke, that it may be done by the 
air's elaſticity, being inſtantly. deſtroyed by 
the ſulphureous lightning near the animal, 
whereby the lungs will fall flat, and cauſc 

ſudden death; which is further confirmed 
by the flatneſs of the lungs of animals thus 


killed by lightning, their veſicles being found 


upon diſſection to be fallen flat, and to have 
no air in them: The burſting alſo of glaſs 
windows outwards, ſeems to be from the 
ſame effect of lightning on the en elaſ. 
enn 1 5. 
It is likewiſe by 3 the airs wales 
ticity in fermented liquors, that lightning 
renders them flat and vapid: For ſince ſul- 
phureous ſteams held near or under veſſels 
will check redundant fermentation, as * 


—— — — 


as the putting of ſulphureous mixtures into 


the liquor, tis plain, thoſe ſteams can eafily 


penetrate the wood of the containing veſ- 


ſels. No wonder then, that the mote ſub- 
tile lightning ſhould have the like effect. 1 
know not whether the common practice of 


haying a bar of iron on a veſſel, be a good 


preſervatiye againſt the ill effects of lightning 
on liquors I ſhould think that the covering 
a veſſel with a large cloth dipped in a ſtrong 
brine, would be a better preſervative; for 
ſalts are dun to be me W of 


| ſulphur. - 


The certain death which comes on the ex- 
ploſion of Mines, ſeems to be effected in 
the ſame manner: For tho at firſt there is 
a great: expanſion. of the air, which muſt 
dilate the lungs, yet that air is no ſooner 
filled with fuliginous vapours, but a good 
deal of its elaſticity is immediately deſtroyed: 
As in the caſe of burning Matches in Ex- 
periment 103, the heat of the flame at firſt 
expanded the air; but norwithſtanding the 
fame, continued burning, it immediately 
contracted, and loſt much of its elaſticity, 
as ſoon as ſome ee of eee 


— en 
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Which ſteams have doubtleſs the 
effect on the air, in the lungs of Animals 


| 
| 
| 
| 


the ſame 


held over them; as in the Grotto di cani, 
or when a cloſe room is Alled-wittt them, 
where they certainly/ſaffocate./ | 1 
It is found by Fupogincats i 105 10s, 
and 10, that an air greatly charged with 
vapours loſes much of its elaſticity, which 
is the reaſon why ſubterraneous damps ſuf. 
focate Animals, and extinguiſſi the flame of 
Candles. And by Experiment 106, we ſee 
that the ſooner a Candle ere e 
er the air loſes i its Werres. f 215 
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- This put me upon attempting to gd ome 


means to qualify and rebate the deadly noxi- 


ous quality of theſe vapours: And in order 
to it, I put thro the hole, in the top of the 


air pump teceiver (Fig. 32.) which con- 
tained twWo quarts, one leg of an iron ſyphon 
made of a gun barrel, which reached neat 


to the bottom of the receiver: It was cc- 
mented faſt at 2, I tyed three folds 'of wool- 


len cloth over the orifice of the- ſyphon, 
lich was in the receiver. The Candle went 
out in leſs than two mi 


| tes, tho- 1 conti 
* 5 4 © nued 
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nued pumping all the while; and the air 
paſſed ſo freely ithro! the folds of cloth in- 
to the receiver, that the e e = wy 


gage did not riſe above an inch. If 


When I put the other end of e bats 
arhins\ Bg eme 


into a hot iron pot, with burn 
in it; upon pumping, the Candle went out 


in 15 ſeconds of a minute; but when I took 


away the 3 folds of cloth, and drew the 


ſulphureous ſteams thro the open ſyphon, 
the light of the Candle was inſtantly extin- 


guiſhed; hence we ſer the 3 folds of cloth 
preſerved the Candle alight 15 And where 


the deadly quality of vapours in Mines is 
not ſo ſtrong as theſe ſulphureous ones were, 
the drawing the breath thro many folds of 
woollen cloth may be a means to preſerve 
life a little longer, in proportion to the . 


or leſs noxious quality of the damps. 


When inſtead of the 3 folds: ode 1 i 
immerſed the end of the ſy dhon * inches 


deep in water in the veſſel x, (Fig. 32.) tho! 
upon pumping the ſulphureous fumes did 
aſcend viſibly thro the water, yet the Can- 
dle continued burning half a minute, i. e. dou- 
ble the time 


. CARO woollen Sloth» 1 90k £35000 


at it did when . paſſed | 
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i 50 brain xvi 3H 5 
„ acm G03 
1 bored a. hole! in che ſide fl nk wooden 
foſſet ab, (Fig. 39.) and glewed into it the 
great end of another foſſet 77, covering the 
orifice with a bladder valve 7: Then J fit- 
ted a valve þ i, to the orifice of the iron 
ſyphon / f, fixing the end of the ſyphon 
faſt at b into the foſſet 2 6: Then by means 
of narrow hoops I placed four Diaphragms 
_ of flannel at half an inch diſtan ce from each 
other, into the broad tim of a fieve, which 
was about 5 inches diameter: The ſieve was 
fixed to, an had a free communication with 
both orifices of the an oe neat 
two large bladders 1 1% $0007 079 0419 
The inſtrument being thus prophets; 1 
ion my noſtrils cloſe, when I drew in breath 
with my mouth at 4, the valve i h being 
thereby lifted up, the air paſſed freely thro 
the ſyphon from the bladders,” which then 
ſubſided, and ſhrunk conſideray: But when 
I breathed air out of my lungs, then the 
valve 5b cloſing the orifice of the ſyphon, the 
air paſſed thro' the valve 7 into the blad- 
ind and eren peg them z by which | 
ar 
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artifice the air which I expired muſt neceſ- 
ſatily paſs thro all the Diaphragms, before 
it could be inſpired into my lungs again. 
The whole capacity of the bladders and Wy- 
* was 4 or 5 quarts. 2.11755 

Common ſea ſalt, and g Tre beg 
arong imbibers of ſulphureous ſteams, I dip- 
ped the four Diaphragms in ſtrong ſolu- 
tions of thoſe ſalts, as alſo in white wine 
vinegar, + which is looked upon as a good 
anti- peſtilential: Taking care after each of 
theſe Experiments to eleanſe the y phon 
and bladder well from the foul air, by Ln 

ling them with water. 

I could breath too and fro thi air incloſed | 
in this inſtrument for a minute and half, 
when there were no Diaphrugms | in it; when 
the 4 Diaphragms were dipped in vinegar, 
3 minutes; when dipped i in a ſtrong ſolution 
of ſea ſalt, 3 minutes and an half. In a Lixi- 
vium of Sal Tartar, 3 minutes; when the 
Diaphragms were dipped in the like Lixi- 
vium, and then well dryed, 5 minutes; and 
once 8' + + minutes, with very highly cal- 
cined Sal Tartar ; but whether this was ow- 

ing to the Tartar's being greatly calcined, 
TOP it might more ſtrongly attract ſul. 
58 84 phurcous 


1 
= 
| 


4; why of hens, 


phureous groſs vapours, © or wie R Was 
occaſioned by ſome unheeded paſſage for the 


air thro the ligatures, I am uncertain; nei- 
ther did I care to aſcertain the matter by re- 
peated Experiments, fearing I might thereby 


ſome way injure my lungs, by nne 
broartiing in ſuch groſs vapour. 
Hence Sal Tartar ſhould: be the beſt pre- 


ſervative againſt noxious. vapours, as being a 
very ſtrong imbiber of ſulphureous, acid and 
Watry vapours, as is ſea ſalt alſo: For ha- 
ving carefully weighed the 4 Diaphragms, 
before I fixt them in the inſtrument, I found 
that they had increaſed in weight 30 grains 
in five minutes; and it was the ſame in two 
different tryals; ſo they increaſed in weight 
at the rate of 19 ounces in 24 hours. From 
Which deducting ? part for the quantity of 
| moiſture, which 1 found thoſe Diaphragms 
- attracted in 5 minutes in the open air; there 
remains 15 + * ounces, . for the weight of 
the moiſture from: the breath in 24 hours: 
But this is probably too great an allowance, 
+ conſidering that the Diphragms might at- 
tract more than 4 part from the ee of 
| 8 the ien Sn . the e 


1 have 
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is nearly, the Game, proportion. of moiſture 
that I obtained, by breathing into a large 
receiver full of ſpunges. But the 5 grains 
imbibed by the four Diaphragms in 3 mis 


nnutes, was not ncar all, the yapours which 


were in that bulk of incloſed ais, for at 
the end of the ad, minutes, the often reſpi- 
red. air Was ſo loaded w th. yapours, , which 
in, that, floating.ſtate Were <aſily,, by their 
mutual attraction, formed into combina: 
tions of, particles, too groſs to enter the mi. 
nuts. veſicles) of the lungs, and) Was therefore 
unfit. fox reſpiration; ſo that 5 it is. not caſie 
do determine hat proportion is carried off 
by reſpiration, eſpecially conſidering that 

ſome. of the inſpired air, which has loſt its 

the lungs, . is mingled with. it. 
Bur ſyppoſiog, 6 . + Gunces to be che quan- 
ity o e, carried off by reſpiration 
: an ban then the ſurface of the . 
ing 
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being found as above 21635 ſquate inches 
only 2 part of an inch depth, will be 
evaporated off their inward ſurface in that 
time, which is but 55 part of the depth of 
what is perſpired off the ID ra 1 man 8 
body in that time. 
If then life can by this means ve > Ri 
ported for 5 minutes with 4' Dziaphragms 
and a gallon of air, then doubtleſs, with 
double that quantity of air and 8 Diaphragms 
wie might well expect to live at leaſt ro 
minutes. It was a conſiderable diſadvantage 
that I was obliged to make uſe of bladders, 
which had been often wetted and dried, ſo 
that the unſavory fumes from them muſt 
needs have contributed much to the unfitting 
the included air for reſpiration: Vet there 
is a neceſſity for making uſe of either blad- 
der or leather in theſe caſes; for we can- 
not breath to and fro. the air of à veſſel, 
whoſe ſides will not dilate and contract in 
co nformity with the expirations and in- 
ſpirations, unleſs the veſſel be very large, and 
too big to be conveniently portable. Wr 
Having ſtopped up the wide ſucking orifice 
of à large pait of kitchen bellows, they be- 
ing firſt dilared, TI could brear e to and-fro 
at 
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at their noſe, the air contained in them for- 
veminutes, without: much - ingonvenicnces 
they heaving and falling very eaſily by the 
action of reſpiration: Some ſuch like in» 
ſtrument might be of uſe in any caſe where 
a room was filled with ſuffocating vapours, 
where it might be neceſſary to enter for 
a few minutes, in order to remove the 

— of them, or to fetch any perſon or 
thing out; as in the caſe when houſes are 
firſt beginning to fire, in the chymiſts ela · 

boratories ; and in many other caſes where 
places were filled with noxious deadly va - 
pours, as in the caſe of ſtink pots _—_y 
into ſhips, in mines, Cc. 

- :But-in every apparatus of this kind great 
care muſt al ways be taken, that the inſpira- 
tion be as free as poſſible, by making large 
paſſages and valves to play moſt eaſily. For 
tho a man by à peculiar action of his mouth 


and tongue may ſuck Mercury 22 inches; 


and ſome men 27 or 28 high; yet I have 
found by experience, that dy the bare in- 
ſpiring action of the Diaphragm, and dilat. 
ing Thorax, 1 could: ſcarcely raiſe the Mer- 
enry/ 2 inches. At which time the Din- 


ee ook muſt act with a forcs c to the 
weight 
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weight of a Cylinder of Mercury, whoſc baſt 
is commenſurate to the aræa of the Dia- 
phragm, and its height 2 inches; whereby the 
Diaphragm muſt: at that time ſuſtain a 
. weight equal to many pounds. Neither are 
its counter: acting muſcles, thoſe of the Abdo- 
mon, able to exert a greater fore. 
For notwithſtanding a man, by en 
compreſſing a quantity of air included in his 
mouth, may raiſe a column of Mercury in 
an inverted ſyphon, to 5 or 7 inches height, 
yet he cannot with his utmoſt- trainings 
raiſe it above 2 inches, by the contracting 
whence we ſee that our loudeſt vociferations 
are made with a force of air no greater than 
this. So that any ſmall impediment in 
breathing will haſten the ſuffocation, which 

conſiſts chiefly in the falling flat of the 


jungs, occaſioned. by the groſſneſs of the 


particles of a thick noxious air, they being 
in that floating ſtate moſt eaſily attracted by 
each other: As we find in the foregoing 
experignents chat; ſulphur and the elaſtick 
repelling particles of air do: And conſe- 
quently unelaſtick, ſulphureous, ſaline and 
7580 Hoating particles, will moſt eaſily 
l coaleſce, 


"bg? 


net Cora as well by 4 abe loſs of the | 
elaſticity of the contained air, as by the con: 
raction occaſioned: by the Afmaulatitig, acid, 
ſutphureous vapours. And tis not impre. 
bable that one great deſign of nature, in rhe 
ſtructure of this important and wonderful 
viſcus, was to frame its veſicles to" very 
minute, thereby effectually to hinder tlie 
ingreſs of groſs feculent particles, Which 
micht be injurious to the animal ozconomy. 
_ >*'This quality of ſalts ſtrongly to attckact 
| ful phüreous, acid and other noxious particles, 
might t make them very beneficlal to man® 
kind in many other reſpects. Thus in fe 
veral unwhollome trades, as the ſmelters 
of metals, the ceruſs-· makers, the plumbers, 
&c. it might not unlikely be of good ſervice 
to them in preſerving them in ſome meaſure 


at leaſt, from the noxious fumes of the ma- 
tetlals they deal in, which by many of the 


foregoing experiments we are aſſured muſt 


1 coaleſec with the elaſtick air in the | 


and be lodged there; to prevent- 
ve inconvenienice the workmen might, 
while they are at work, make uſe of pretty 


brdad 
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broad mufflers, filled with: 2, 4, or more 
Diaphragms of flannel or cloth dipped: i 

a ſolution of da. Tartar, or Lee or Sea 


Salt and then dryed. 25 10 
The like mufflers mee allo * of 4 


in many caſes where ꝑerſons may have urgent 
occaſion to go for a ſhort time into an in. 
fectious air: Which mufflers might, by an 
Seaſy contrivance, be ſo made as to draw 
in breath thro the Diaphragms, ag to 
breathe it out by another vent. 

In theſg and the like caſes this kind of 
= mufflers; may . be very ſerviceable; but in 
| the ciſe of tho damps of mines they are by 
| no means to be depended on, becauſe they 

are not a ſufficient ſcreen. om to very 


3 noxious vapours. 


Exy ERIMENT CxvVIL 


= We i from the following . 
® a good hint, to make theſe Salts of ferries 


to us in ſome other teſpects, G. 


* 

| I ſet a lighted Candle under a large re- 

| ceiver (Fig. 35.) which contained about 
| 4 gallons, it continued burning for 3 ++ 

| minutes, in which time it had abſorbed about 
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a-quart jof, air. 1 then filled the receiver 
with freſh air, by pouring it full of water, 
and then emptying of it; when having wiped 
it dry, I lined all the inſide with a 
piece of flannel: dipped in a lixivium of Ca 
Tartar, and then dryed; the flannel was ex- 
tended with little hoops made of pliant twigs. 
The Canale continued burning under the re- 
cciver thus prepared 3 + minutes, yet it 
abſorbed but two thirds of the quantity of 
air which it abſorbed when there was no 
flannel in the receiver 
The reaſon of which ee in the 
quantities of-elaſtick air abſorbed, appears 
from Experiment 106. where leaſt air was 
always abſorbed in leaſt receivers, which 
was the preſent caſe: For the flannel lining, 
beſides the ſpace. it took up, could not be ſo 
cloſely adapted, but that. there was left a full 
third of the capacity of the receiver, between 
the lining and the receiver: So that the 
Candle burnt in a: bulk of air leſs by, one 
third than the whole capacity of the reccivenʒ 
for which reaſon leſs ait alſo was abſorbed. 
And we may further obſerve, that ſince 
the Candle continued burning as long in 4 
. air, qual but to two thirds of 
the 


= 


4 


n de, — 
— tgned of gg PIP in the 
9 by 00 ang ablorbiog power 
of Salts. ene, ei. 
Whether Salts nil have a good eſe 
all, or any of theſe caſes, experience wi 
beſt inform us. There is * 
ground, from many of the foregoing Experi 
ments, to encourage us to make the tryal, 
and they may at leaf boikines — 
Provements. l 1 n 
We ſee . anner — urning Bri 
fone do in a much greater degree 
the elaſticity of the air, than the We 
Animals; becauſe their vapours more 
plentifub and abound more with cid-ſul 
phurcous: particles, and are alſo leſs diluted 
with watry vapours, than the breath of Ani- 
mals is: In w ich alſo there are ſulphurcous 


particles, tho in leſſer degrees, for the ani- 
mal fluids, as well as ſolids, | are ſtored; with 
_ Ss them * 


* © - 


hug 2», s LY - 
7 25 2 5 5 
them: 4110 


em: Andber as are ; coined 
in is: of air, ſeems not to be 
owing to their having rendred that air effete, 


by having conſumed its vivifying ſpirit ; but 
ſhould rather be owing to the great ee 


of acid W vapours, with which that 
arged; which VO a good deal of 


its claſtici y, and very clog and retard 


the elaſtick motion of he remaindes | 
And the effect the half exhauſting of a 


receiver has upon the elaſticity of the re- 


maining half of the air, ſeems to be the rea- 
ſon why the flame of a Candle does not 
continue burning, till it has filled the recei- 


ver it ſtands in with fumes, but goes out 


the quicker, the ſooner the air is dran out 
to that degree; which ſeems therefore to be 


owing to this; that an air ratified to double 


its ſpace; will not expand ſo briskly with 
the warmth of flame, as a more condenſed 
air will do: And conſequently action and 
re- action being reciprocal, will not give ſo 


brisk a motion to the flame, which ſubſiſts 


by a conſtant ſucceſſion of freſh air, to ſup- 
ply the place of the either abſorbed, or much 
n.. which is continually flying off. 

- | -ARE 
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And the quicker the ſucceſſion; ol this freſh 
air is, by blowing, the more vigorouſiy does 
| a fire burn. 41 be in h N 
If the continuance WE the burning of the 
Candle be wholly, owing, to the wivifying 
ſpirit, then ſuppoſing in the caſe. of a recei- 
ver, Capacious cnough for a Candle to burn 
a minute in it, that half the vivifying ſpirit 
be drawn out with half the air, in ten ſe- 
_ conds of time; then the Candle ſhould not 
go out at the end of thoſe 10 ſeconds, but 
burn 20 ſeconds more, which it does not; 
therefore the burning of the Candle is not 
wholly owing to the vivifying ſpirit, but 
to certain degrees of the air 's elaſticity. 
When a wholly exhauſted receiver was by 
means of a burning glaſs firſt filled, with the 
fumes of brown paper with Nitre, and then 
filled with freſh air, the nitrous: paper, upor 
applying the burning glaſs did freely deto- 
nize; and a Candle put into a like air, burnt 
for 28”; which in a freſh air, in the. ſame 
receiver, burnt but 43 L ; but when the ſame 
receiver with air in it, Was filled, fall. of 
fumes of detonized Nitre, and. 4 Candle 
placed in that thick vapour, it. went out 


inſtantly, for a Candle will not burn, nor 
IO the 
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the. Minne detonlze in a very rare, nor a 
very thick air; whence the reaſon why the 
Nitre detonized, and the Candle burnt, 
when placed in the receiver, after freſh air 
Was let in upon the fumes which were 
made in vacuo, Was that thoſe fumes were 
much diſperſed and condenſed on the ſides 
of the glaſs, upon the ruſhing in of the 
freſh air, for the fumes were then much 
more rate aud tranſparent, than before the 
air was let in. | | 

That a Fire which is ſupplied with a hot 
air will not burn ſo briskly as a Fire which 
is fed by a cool air is evident from hence 3 ; 
that when the Sun ſhines on a Fire, and there- 
by too much rarifies the ambient air, that 
Fire will not burn well, nor will a ſmall 
Fire burn ſo well near a large one as at 
ſome diſtance from it. And e contra, it is a 
common obſervation, that in very cold froſty 
weather Firs burn moſt briskly ; the reaſon 
of which ſeems to be this, that the claſtick 
expanſi ion of the cold condenſed air to a 
rarified fate, when it enters the Fire, is much 
brisker than that of an air already rarified in 
a good meaſure by heat, before it enters the 


1 and conſequently a continued ſuc- 
| wack, IE | ceſſion 


2% -2M aly is of he Ny. 
ceſſion of cold'air muſt gie A btBKer motion 
to the Fire, than tlie like fücceffion ef Hot 
air: And ſuch colder and more Condenſed. 
air 972 alſo (as Sir Iſaac Netitun obſetves, 
qu. 11.) by its greater weight check the 
Alen of the vapours and exhalations of the 
Fire, more than à warmer ligliter air! So 
that between the action and re- action of the 
ait and ſulphur of the fuel, and of the colder 
and denſer cirumambient air, which rarifies 
much upon entering the Fire, the“ heat "of 
the Fire is greatly increaſed; WY air Ofc 
This continual ſupply of freſh air to the 
fuel ſeems hence alſo very neceſſary for 
| keeping a Fire alive; becauſe it is found, that 
| T Brimſtone Match will not take Flre in 
a vacuum, but only boil and ſmoak; nor will 
Nitre Mete into Brown Paper then 
detonize, except here and there a ſingle gtain, 
that part only of the Paper turting black . 
on which the focus of the burning glaſs falls; 
nor would they burn when a Half exhauſted 
receiver with fumes in it was fllled With 
freſh air added to thoſe fumes: In Which 
caſe it is plain, that a 800d quantity of the 
ſuppoſed vivifying ſpirit” of air muſt enter 


che receiver with the : freſh alr, afid conſe- 
tly 
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quently thoſe ſubſtances ſhould. take fire, 


and burn, for a ſhore time at fall, which vet 5 


they did not. HF 11. 
And that the air ckelt e much 
to the intenſe burning of Fires, ſeems evident 
from hence; that Spirit. of Nitre (which 
by Experiment 75 has but little elaſtick air 
in it) when poured upon live Coals, ex- 
tinguiſhes + inſtead of invigorating them: 
But Spirit of Nitre, when by being mixt with 
Sal. Tartar it is reduced to Nitre, will then 
flame, when thrown into the Fire, viz. be- 

cauſe Sal. Tartar, abounds with elaſtick aereal 
particles, as appears by Experiment 74, where 
224 times its bulk of air aroſe from a quan- 
tity of Sal Tartar. And for the ſame reaſon 
it is that common Nitre, when thrown i into 
the Fire, flames, tho its Spirit will not, viz. 
becauſe. there is much elaſtick air in it, as 
appears from Experiment 72, as well as from 
the great quantity of it, generated in the 
firing of Cu poder. 

The reaſon why Sal Tartar, when en 
on live Coals, d loes not detonize and flame 
like Nitre, 0 notwithſtanding by Experiment 
74 plenty of elaſtick particles did ariſe from 


e becauſe by the ſame Experi- 
p 7 3 ment, 
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ment, compared with Experiment 3a, it is 
found, that a much more intenſe degree: of 
heat was required to extricate the elaſtick 
air from Sal Tartar, the more fix d body, 
than from Nitre; the great degree of, Fire 
with which Sa/ Tartar is made, rendering 
the coheſion of its parts more firm: For it is 
well known that fire, inſtead of diſuniting, 
does i in many caſes inſeparably unite the parts 
of bodies: And hence it is that Pulvis 
Fulminans, which i is a mixture of Kal. 7. artar, 
Nitre and ſulphur, gives a greater exploſio n 

than Gun-powder : Becauſe the particles of 
the Sal Tartar, cohering more firmly in a 
fix d ſtate than thoſe of Nitre, they are there- 
fore thrown off with a greater repulſiye 
force, by the united action and re- action of 
all thoſe RS: Are acl Wi its 


-931* 5 84 1 13 
7. | $2 10 55 PAYOIJS 
n Exexninont C XVIII. 


Ert 131 
Try D 128 Fs 12 


„Which acid Spirits wing of mc 
acid Salt diluted in phlegm do contribute 
much tothe force of exploſion for when heat- 
ed to a certain degree, they make a great ex- 
an like water ona the ame degree, 
as 
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25 I found by dropping a few drops of Spirit 


5 a nes oil ef Vitriol, water, and ſpittle 


on a T, and then holding over thoſe 
drops apiece of Iron which had a white heat 
given it; upen ſtriking down the hot Iron 
with a large Hammer, there was a very great 
exploſton made by each of thoſe liquors: 
But frothy ſpittle, which had air in it, made a 
jouder exploſion than water; which ſhews 
that the vaſt exploſion of the Nitre and Sal 
Tartar, which are compoſed of elaſtick air 
particles, included in an ene e is owing 
to their united force. 5 
We U may therefore from what has been 
ſaid, with good reaſon conclude, that Fire is 
chiefly invigorated by the action and reac- 
tion of the acid ſulphureous particles of the 
fuel, and the elaſtick ones which ariſe and en- 
ter the Fire, either from the fuel in which 
they abound, or' from the circumambient 
air: For by Experiment 103, and many 
others, acid ſulphureous particles act vi- 
gorouſly on air; and ſince action and re. action 
ate reciprocal, ſo muſt air on ſulphur; and 
there is, we ſee, plenty of both, as well in 
mineral as vegetable fuel, as alſo in animal 
W for which reaſon they will burn. 
=. But 


3s Sede of rid. 
ut When the acid ſulphitr; iyrhich/we&ſee 
Acts Vigotou ly on air / is taker of any 
Fuel, the remaining Salt, Water and Earth 
art not Inflamttlable, but on the contrary 
quench and fetard fire andi as air cannot 
produce fire without ſulphur, fo neither can 
ſulphur burn Without air: Thus Oburtoal 
heated to an intenſe degree fa many hours 
in A cloſe veſſel will not b urn as in the open | 
alt, it will only be red hot all the timielike a 
maſs of Gold without Waſting: But no 
doner is it expoſed to the free Air, but the 
ſulphur, by the violent action aid reaction 
between that and the elaſtick alt is ſoon ſe- 
parated and catried off from the Salt and 
Earth, which are thereby reduted from a 
old and hard to 4 ſoft impalpable ealx. 
And when 4 Brimſtone Match wich was 
"placed In an exhauſted receivet was heated 
by the focus of a burning glaſs: as to melt 
tlie Btimſtone, yet it did not kindle into 
fite nor conſume, not withſtanding the 
ſtrength and vigottr of the action and reaction 
that is obſet vel between light and ſulphure- 
dus bodies. Which is aſſigned by the illuſ- 
ttious Sir Tſar” Newton, as t one reaſon 
'« * why ſulphureous bodies take fire: more 
1 « readily, 


Avalyfe of thei Tr 


*, readily and burn More. Yehemently than | 
f,other bodies MPI moat. SPI 
of ;fire, apd.., flame 18% | he, gixes Nun 
orand 30, ung. s 105 e 3 body Heated 
beben as, to emit ligh t. .copiouſ]y 2 1 Fo * 
*, what elſe. is a, red hot Tron thanfi fire? An 
« What elſe is a burning Coal, than reg, hot 
0 * Hoods. Qu, 10. Is not flame a vapour, 
0 fume or exhalation heated red hot, that 1 is, 
« ſohotas to flame? For bodies do not flame 
without. emitting a copiqus fume, and 
inan burn in the flame. — Some 
bodies heated by motion or fermentation, 
if the heat. grow intenſe, fume copioully, 
and if the heat be gteat enough, the tumes 
85 « will ſhing hand become flame; Metals in 
e fuſion dg;not.. flame for want. ofa copious 
i fume, except ſpelter which fumes copiqully, 
<,and thereby, flames; All, flaming bodies, 
a8 Oil, Jalow, Wax, 9d, foſſil Goals, 
s Pitch, Sulphur, by flaming waſte and vaniſh 
into burning ſmoak; which ſmoak, if the 
«flame be put out, is ery thick. and viſible, 
Suan ometimes ſmells ſtrongly, but in 
flame loſes its ſmell by burning; ; and ac 
< cording; to the nature of the ſmoak the 


Bam of ſeveral colours, as that of 
rh a * ſulphur, 


2 ie of ther. 

OY ſulphur, blue; that of copper opened with 
e ſublimare, green; that of tallow, yellow; 
that of camphire, white; imoak paſſing 
« thro flame cannot but grow red hot, and 
& red hot ſmoak can Habe n other _—_ 
*rance than that of flame.” 

But Mr. Lemery the younger ſays, "a that 
« the matter of light produces ſulphur, - be- 
ce ing mixt with compoſit s of ſalt, carth 
&/ and water, and that all inflammable mat. 
ters are ſuch only in vertue of the par- 
« ticles of fire which they contain. For in 
the Analyſis, ſuch inflammable bodies 
produce ſalt, earth, water, and a certain 
«ſubtle matter, which paſſes tfiro: the cloſeſt 
<<, veſſels, ſo that what pains ſoever the ar- 
< tiſt uſes, not to loſe any thing, he! fill 
«.findsa conſiderable diminution of weight. 
e Now theſe principles of ſalt, earth and 
ce vater are inactive bodies, and of no uſe, 
te in the compoſition of inflammable bo- 
ee dies, but to detain and arreſt the parti- 
« "cles of fire, EI. are Ja! real and only 
* matter Of flatrie en olle bu 

It appears Florelote: to vabelthe matter 
cf flame that the artiſt loſes in decom - 
«/ pounding inflammable bodies, Mem: de 
Acad. Anno 1713." "= "BW 
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But bycmany of the preceding Experi- 
ments, it / is evident, that the matter loſt 
in the Analyſis of theſe bodies was claſ- 
tick ait, 4 very active principle in fire, 
but not an elemental fire, as he ſuppoſes. 
« Mr. Geoffrey compounded. ſulphur of 
151 acid Salt, Bitumen, a little Earth and oi 
of Lane Seam F Acad. Arno 1703. 
Exper! MEI | which air was xs doubaleh; by 
its elaſticity very inſtrumental in the inflana- 
mability of this artificial ſulpfmut. 

6 Ik tten was a ö diſtin kind of bod y 
— eee hon ignited | finale 
ratify and dilate all the circumambient air; 
whereas it is found by many of the preced- 
ing Experiments, that acid ſulphureous fuel 
conſtantly attracts and condenſes: a conſide- 
rable part of the circumambient elaſtick air. 
An argument, that there is no fire endued 
with peculiar properties inherent in ſulphur; 
and alſo that the heat of fire; conſiſts prin- 
cipally: in the brisk vibrating action and re- 
action, between the elaſtick repelling air, 


and the ſtrongl E dulphur.whieh 
08 ] | Nen — 
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ſulphur in its Analyſſs is found to, contain 
an inflammable oil, an acid Salt, a very fixt 
earth, and a little metal. e 
Novy ſulphur fand air are ſuppoſed co be 
ated by that ethereal medium, © by, whi, 
« (the; great Sir Aſaac. Newton ſuppoſes) 
« light is refracted and reflected, and by 
« whoſe vibrations light communicates heat 
« to. bodies, and is put into, fits of caſic 
i; 1 reflection, and caſi ic tranſmiſſion: And 
do not the vibrations of this, medium 
e in hot bodies contribute. to the intenſe- 
* « neſs and duration of their heat? And do 
60 not- hot bodies communicate their heat 
to contiguous cold ones, by the yibra- 
tions of this medium, propagated from 
„ them into cold ones? Andi is not this 
« medium excccdingly | more rare and. ſub- 
ce tle. than the air, and exceedingly; mor 
e claſtick and active? And does it not, rea- 
< dily pervade all bodies, Optick qu. 18. 


= The elaſtick force of. thismedium, . in 


« proportion to its denſity, muſt be above 
<< 490,000,000,000- times greater than the 
<<. claſtick' force of the air is, in ropor: 
«tion to its denſity, ibid. Ju. 2. A force 
en to give an intenſe degree of heat, 

E eſpecially | 


half 5 n 20% 


elpeckally het its — Lity ts thuch ittetedł 
ed by the brisk action and rel AcLOtr of pats 
ticles of the fuel and ättibient Ait 1169 
From this manifeſt atttactiô, actibfi and 
reaction, that there is between tlie acid; tits 
büredte ad elaſtick deredl particles? we 
High fot unreaſonably conclude, that What 
we call the fire particles in Lime, and febe- 


ral other bodies, neh have undergone the 


fite, are tile ſalphureons and elaſtick patti- 
cles of the fite fixt in the Lime; Which par- 


ticles, lle the Lime was Hot; were in a 


very” ative! attracting and repelling ate ; 

and being, as the Lime cooled, detained in 
che folid body of the Lime, at the ſevetal 
attracting and tepelling diſtances, they then 
happetied to be at, they muſt neceſfirily 


contintie in that fixt ſtate, notwithſtanding 
the ethercal medium, which is ſuppoſed 
freely t6 pervade all bodies, be continu- 


ally folliciting them to action: But whien 
the ſolid fübſfance of the Lime is difſolvt ed, 
by the affufiöti of ſome liquid, being thete- 
by emancipated, they are again at liberty 
to be influenced and agitated by each others 
attraction and repulſion, upon which a'vio- 


lent ebulnezen enſues, from the action and 
18 8132015 re- action 
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te · action of theſe particles, Which cbnllition 
ceaſes not, till one part of che elaſtick par- 
ticles are ſubdued and fix d by the ftrong 
attraction of the ſulphur, andthe other part 
is got beyond the ſphere of its attraction, 

and thereby thrown off into true permanent 
air: And that this is a probable ſolution 
of the matter, there is good reaſon to con- 
elude, from the frequent inſtances we have 
in many of the foregoing Experiments, that 
plenty of elaſtick air is at the ſame time 

both generated and abſorbed by tlie ſame 
folbicncing mixture'; ſome of 'which werc 
obſerved to generate more air than they ab- 
forbed, and others e contra abſorbed more 
than they gettoraret, which was the Eg 
of Lime. 2 en Noe 
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"ail that the <Gilpturbeoits'h and a | 
ticles of the fire are lodged. in many of thoſe 
bodies which it acts upon, and thereby con 
fiderably augments their weight, is s very evi- | 
dent in Minium or Red Lead ich is ob- 
ferved- to increaſe in weight about 4 - part : 
in undergoing the action of the fite. lie 
acquired 


ah.» En 
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acquired.,redngſs of pA indicating 


= addition, of plenty of ſulphur in the o 


perationp For ſulphur, as it is found to act 
moſt, vigorguſly on light, ſo it is apt to 


reflect the ſtrongeſt, vis. the red rays; and 


that there is; good ſtore of air added to the 
Minium, I. found by diſtilling firſt 1922 
grains of Lead, from whence I obtained 


only ſeven cubick inches of air; but from 


1922 grains, which Was a cubick inch of 
Red Lead, there aroſe in the like ſpace of 
time 34 cubick inches of air; a great part 
of Which air was doubtleſs abſorbed by the 

eous particles of the fuel, in the 
reyerberatory furnace, in which the Mi- 
nium was made; for by Experiment 106. 
the more the fumes of a fire are confined, 
the greater quantity of elaſtick air they ab. 
G 
It was therefore doubtleſs this quantity 
of air in the Minium which burſt the her- 
metically ſealed. glaſſes of the excellent Mr. 
Boyle, hen he heated the Minium con- 
tained in them by a burning glaſs; but 


the, pious: and learned Dr. Nzeuwentyt at- 


tributes effect wholly to the expan- 


iggrof — A particles lodged in the Mi- 
53425 807 | : nium, 
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nium, 1225 hes ppc ing ox pe to =P a parti. 


_< cular fluid matter, which maintains its 


© own elſcnce, and figure, remaining always 


e fire, tho not always Mn Religions 


e Philoſopher, p. 310. 
To the fame cauſe alſo, excluſive of the 
air, he attributes the vaſt expanſion of a 
mixture of compound Aqua fortis and oil of 
IR Gen by Exper. 62. there is 
a great quantity of air in all offs. And by 


pouring ſome compound Aqua-fortis on oil 
of Cloves, the mixture expanded into a 


ſpace equal to 720 times the bulk of the 
oil, that part of the expanſion, which was 
owing to the watry part of the oil and ſbi- 
rit was ſoon contracted; whereas the other 
part of the expanſion, which was owing to 


the elaſtick air of the oil, was not all con- 


tracted, till the next day, by which time 
the ſulphureous fumes had reſorbed it. 

The learned Boerhaave would have it, 
that putrefaction is the effect of inherent 


fire. He ſays, © that vegetables alone are 
« the ſubject of fermentation, but both 


vegetables and animals of putrefaction; 
« which operations he attributes to very 
« Ae cauſes, the immediate cauſe of 
fermen- 


» wg % *- — 
4 ; 
* 1 2 » 


ache e eitvittrcepttd between the fluid and 
et (viſcous patts of the fermenting liquor 5 
60 but the cauſe of putrefaction is fire it 
« ſelf, collected or ineluded within the 
* patſefy ing ſubietct, Vroceſs. vy. But 1 do 
ore Why theſe may not reaſonably e- 
nough be looked upon as the effects of dif 
ferent degrees of fenmentation 3 nutrition 
being the genuine effect of that degree of 
it, im Whĩch the ſum of the attracting ac- 
tion of rhe particles is much ſuperior to 
the ſum f: their repulſive power: But When 
their repelling force far exceeds theit attrae· 
| yt, then the component parts of vegeta- 
bles are yet ; Which difſolyingſubſtanices, 
when they art diluted with much liquor, do 
not acquite a great heat in the diſſolution, 
the briskneis bf the: inteſtine, motion being 
checked by tht liquor: But when they are 
only rmoiſt, like green and damp Hay, in a 
large heap, then they acquire a violent heat, 
Jo as to ſcorch, burn and flame, whereby 
the union of their conſtituent} parts being 
more uhegug ily: diſſolyed, they will neither 
pro inous, not an acid ſpirit > Which 
rear degree of _—_— may * 


299 Analyſis of the Am. 
by this means, without the action of a fire; 
ſuppoſed to be included within the putre- 
fy ing ſubject. Wherefore according to the 
old Axiom, Entia non ſunt "Pemere _ 
. neceſſitate multiplicanda;-— 
If the notion of fermentation be teftvained 
to the greater repelling degrees of fermen - 
tation, in which ſenſe it has commonly 
been underſtood; then it is as certain, that 
the juices of vegetables and animals do not 
ferment in a healthy ſtate, as it is, that they 
do not at the ſame time coaleſce and diſu- 
nite: But if fermentation be taken in 2 
larger Raſt, for any the ſmalleſt to tlie grea- 
teſt degree of inteſtine motion of the . 
ticles of a fluid, then all vegetabl. 
mal fluids are in a natural ſtate, in ſome 
degree of ferment, for they abound both with 
elaſtick and N pong eee And it 
may with as much reaſon be argued, that 
there is 6 Gepe of warmth in animals 
and vegetables, becauſe a great degree of 
heat will. cauſe a ſolution of continuity, as 
to ſay, there is no degree of ferment in the 
fluids of thoſe bodies, becauſe a great fepel- 
ling degree of ferment e ze ee 


ne them. We ene 10 
. That 


” 
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it 
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That illuſtrious Philoſopher Sur ae Neu- 
ton, in his thoughts about the nature of a- 

-cids, gives this rational account of the na- 
ture of fermentation. 
« acids are ende wed with a great attractive 
force, in which force their activity con- 
4 ſiſts By this attractive force they get 
about the particles of bodies, whether 


291 


% The particles: of 


+CC they be of a metallick or ſtony Nature, 


4 and adhere to them moſt cloſely on all 
4 ſides, ſo that they can ſcarce be ſeparated 
from them, by diſtillation or ſublimation; 
Vvhen they are attracted and gathered to- 
« gether about the particles of bodies, they 


e raiſe, disjoyn, and ſhake them one from 
another, that is, they diſſolve thoſe bodies. 
Buy their attractive force alſo, by which 


_ © they ruſn towards the particles of bodies, 


% they move the fluid, and excite heat, and 


_ they ſhake aſunder ſome particles, fo much 
bas to turn them into air, and generate 
bubbles: And this is the reaſon of diſſo- 


* lution, and all violent fermentation. Har- 
& 74s Lexicon Tech. Vol. II. introduction. 
Thus we have from theſe Experiments 
many manifeſt proofs of conſiderable quan- 
tities of true permanent air, which are by 


1 k 


* 


means 
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292 Analyſis of the A. 
| means of fire and fermentation raiſed from, 
and abforbed by n 8 aud mi 
neral ſubſtaneest e : e eee 
That this air confiſts of particles whict's are 
in a very active ſtate, repelling each other 
with force, and thereby conſtituting the ſame 
kind of elaſtick fluid with common air, is 
plain from its raiſing the Mercury in Expe- 
riment 88 and 89, and from its continu- 
ing in that elaſtick ſtate for many months, 
tho cooled by ſevere froſts; whereas watry 
vapours, tho' they expand much With heat, 
yet are found immediately to condenſe in- 
to their firſt dimenſions when cold. - 
The air generated by fire Was abi in 
many inſtances, ſeparated without great vio- 
lence from the fixd bodies, in which it 
was incorporated; as in the caſe of Mitre, 
Tartar, Sal Tartar and Copperas "whence it 
| ſhould ſeem, that the air generated from 
theſe Salts, may probably be very inſtru- 
mental in the union of Salts, as Well as that 
central, denſer and compacter particle of 
earth, which Sir Laut Newton obferves, 
does by its attraction make the watry acid 
flow round it, for compoſi ng the particles of 


Salt. qu. 3 1. For ſi _—_ upon the diffolurion 
of 


of the . parts of Salt by fire, it is 
found, that upon ſeparating and volatilizing 
the acid ſpirit, the air particles do in great 

abundance ruſh forth from a fixt to a re- 
pelling elaſtick ſtate; it muſt needs be, that 
theſe particles did in their fixt ſtate ſtrongly 
attract the acid ſpirits, as well as the ſul- 
phuteous earthy parts of the Salt; for the 


moſt ſtrongly repelling and elaſtick parti- 


cles are obſerved, in a fixt ſtate, to be the 
moſt ſtrongly attraQing. 


But the watry acid, which when Keane | 


from Salt by the action of fire, makes a very 
corroſive fuming ſpirit, will not make elaſ- 


tick air, tho its parts were put into a brisk 


motion by fire in Exper. 75. And the event 
was the ſame with ſeveral other volatile 
ſubſtances, as volatile Salt of Sal Ammont- 
ac, Camphire and Brandy, which tho' di- 
ſtilled over with a conſiderable heat, yet 
generated no elaſtick air, in Exper. 52, 61, 
66. Whence tis plain, the acid yapours in 
the air only float in it like the watry va- 
pours; and when ſtrongly attracted by the 
elaſtick particles of the air, they firmly ad- 
N to e and make Salts. 
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Thus in Experiment 53 we ſee by the vaſt 
quantity of air there is found in Tartar, 
that tho it contains the other principles of 
vegetables, yet air with ſome volatile Salt 
ſeems to make up a conſiderable part of its 
compoſition ; which air, when. by the action 
of fire it is more firmly united with the 
earth, and acid ſulphureous particles, requires 
a more intenſe degree of heat, to extricate 
it from thoſe adhering ſubſtances, as we find 
in the diſtillation of Sal Tartar, Exper. 74. 
which Air and volatile Salt are mos. if 
ſeparated by fermen tation. | 

And by Experiment 725 pleneyvf atr riſes 
alſo from Nitre, at the ſame time that the 
acid ſpirit is ſeparated from it bye the en 
of _ 

We find alſo by e 71, that 
ſome air is by the ſame means obtained 
from common ſea Salt, tho' not in ſo great 
plenty, nor ſo eaſily, as from Tartar and Ni- 
tre, it being a more fixt body, by reaſon of 
the ſulphur which abounds in it; neither 
is it ſo eaſily charged i in animal bodies, as 
other Salts are, yet ſince it fertilizes ground, 
it muft my be A: by l 
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There is good reaſon alſo to ſuſpect, that 
theſe acid ſpirits-are not wholly free from 

| air particles, notwithſtanding there were no 
elaſtick ones produced, when they were put 
into a brisk motion, by the action of fire in 
Experiment 75. which might be occaſioned 
by the great quantity of acid ſpirit, in which 
they were involved. For we ſee in Expe- 
riment- go, that when the acid ſpirit of 
Agua Regia was more ſtrongly attracted by 
the diſſolving gold, than by the air particles, 
then plenty of air particles, which were 
thus freed from the acid ſpirit, did continu- 
ally ariſe from the Aqua Regia, and not 
from the gold, at leaſt not from the metal - 
lick particles of the gold, for that loſes no- 
thing of its weight in the ſolution ; ſo that 
if any. does ariſe from the gold, it muſt be 
what may be latent in the pores of the gold. 
Whenge, it is probable, that the air which 
is obtained by the fermenting mixture of 
acid and alkaline ſubſtances may not ariſe 
wholly from the diſſolved alkaline body, but 
in part alſo from the acid, Thus the great 
quantity of elaſtick air, which in Exper. 33. 
is generated. from the mixture of Vinegar 
ny Oyſtexſhell, may as well wil. in part 


from 
* . K be — — 
. - 

* 

25 


% uh of le 
from the Tartar, to Which Vinegar owes 
its acidity, is from the diſſolved Oyſterfnhell. 
And what makes it further probable is, that 
the Vinegar loſes irs acidity in the ferment 7 
that is its Tarzar : for diſſolving menftruums 
arc generally obſerved to be changed in fer. 
mentation, as well as the diſſolved body. 
Have we not reaſon alſo hence to con- 
elude, that the energy of acid ſpirits may in 
ſome meaſure be owing to the ſtrongly. at- 
tracting ait particles in them; which active 
principles may give an impetus to the acid 
ſpiculæ, as well as the earthy oily matter, 
which is found in theſe acid ſpirits? 
Ther are we ſee alſo great ks air 
particles) found in the Analyſis of the blood, 
which ariſes doubteleſs as well form the ſerum 
as from the craſſamentum, for all the animal 
fluids and ſolids have air, and ſulphur in 
them”: "Which ſtrongly attraQting principles 
ſeem to be more intimately united "together 
In the more perfect and elaborate part of it, 
its red globules; ſo that we may not unrea- 
ſonably conclude, that air is a band of union 
here, as well as in Salts: And accordingly 
Ve find the greateſt plenty of air in the moſt 
ond 8 of the as where the coheſi on 
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much more air was found in the diſtilla 
tion of horn than of blood. And the co- 
heſion of animal ſubſtances was not, as we 
find by the ſame Experiment, diſſolved even 
in the blood, without conſiderable violence 
of. ire ; tho it is ſometimes done to a fa. 
tal degree in our blood, by that more ſub- 
tile diſſolvent fermentation: But We may 
obſerve, that volatile Salts, Spirits, and ſul- 
phureous Oil, Vhich are at the ſame time 
ſeparated from. theſe ſubſtances, ll 90 
_ erde Mo 50301: 295 he 1 
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e fire, from theſe and many other 
ſubſtances; ſo is the elaſticity of the air great- 
ly: deſtroyed by ſulphureous bodies. Sir 4 a 
Newton obſerves, that as light acts upon 
«ſulphur, fo ſince all action is mutual, ſul- 
phurs ought to act moſt upon light.” And 
che ſame may be ebſerved of air and ſul. 
phur; for by Experiment 103, it is found 
a burning ſulphur, which is a very ſtrongly 
- attracting 
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ſtres the elaſtick particles of air 3 ſo that there 
muſt needs be a good quantity of un- elaſtick 
air particles in oil and flower of ſulphur: 
The firſt of Which is made by burning ſul 
phur under a hell, the other by ſublimation: 
In further confirmation of this it is obſeryed, 


that Oleum Sulphuris per Campanam is with 


more difficulty made in a dry than a moiſt 
air; and I have found by Experiment purpoſe- 
ly made, that a Candle which burnt 70“ in a 
very dry receiver, burnt but 64 in che ſame 
receiver, when filled with the fumes of hot 
water; and yet abſorbed one fifth part more 
af; than when it burnt longer in the dry air. 
Sulphut not only abſorbs: the air when 
biirning in a homogeneal maſs, but alſo in 
many-fermenting mixtures; and as Sir aac 


: Newton obſeryed the attractive and refractive 


power of bodies to be greater or leſs; as they 
partook more or leſs of ſulphuxeous oily par- 
ticles;' ſo there is good reaſon: from theſe 
Experiments to attribute the fixing of the 


elaſtick particles of the air to the ſtrong 


attraction of the ſulphureous particles with 


Which he ſays it's probable ac a en 


_ more or leſs, * 
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| ſulphur in ahe wil of vegetables; is evident 
from the quantity of air that aroſe from the 
diſtillatiom of oils of Anniſceds and Olives, 
in Experiment 2. When by fermentation 
the conſtituent parts of a vegetable are ſe- 
parated, part of the air flies off in fermens 
tation into an elaſtick ſtate; part unites with-- 
the eſſential Salt, Water, Oil and Earth, which 
conſtitute the Tartar which adhere to the 
ſides of the veſſel; the remainder which 
continues in the fermented, liquor, is there, | 
ſome of it, in a fix d, and ſome in an claſtick 
ſtate, which gives briskneſs to the liquor bs 
their expanding bubbles riſing; of a very 
viſible ſize when the weight of the incum- 
bent air is taken off the liquor in a vacuum. 
And as there was found a greater quantity 
of air in the deer's horn, than in bloodz 
we may alſo obſerve it to be in a much 
greater proportion in the more ſolid parts of 
vegetables, than in their fluid: For we find. 
in Experiment 55. 57. and 60. that near 
one third part of the ſubſtance of the Peaſe, 
heart of Oak and Tobacco, were by the ac- 
tion of fire changed from an un- elaſtick 
las to an elaſtick air: And ſince a much 
be greater 
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Soester proportion 1 in the 
ſolid than the fluid parts of bodies; may we 
not with good reaſon conclude; that i it is very 
inſtrumental, as a band of union in thoſe 
bodies, * Thoſe particles (as Sir Tfaac 
| Newton” obſerves) © receding from one 
% another with the greateſt repulſive force, 
* and being moſt difficultly brought together, 
te which upon contact eohere moſt ſtrongly, 
gu. 31.” And if the attraction of coheſion 
of an un-elaſtick air particle be proportion- 
able to its repulſive force in an elaſtick ſtate; 
then ſince its elaſtick force is found to be 
40 vaſtly great, fo muſt that of its coheſion 
be alfo. Sir Iſaac Newton calculates from 
rhe inflection of the rays of light, that the 
attracting force of particles, near the point of 
contact, is 10000,0000,0000,0000 enter 
than the force of gravity. 

'- Sulphur i in a quieſcent fix d ſtate in a a large 
wad does not abſorb the claſtick air, for 
a hard roll of Brimſtone does not abſorb 
air: But when ſome of that Brimſtone, by 
being powdered and mixt with filings of 
Tron, is ſet a fermenting, and thereby reduced 
into very minute particles, whoſe attraction 
Increaſes, as their ſae decreaſes; then it 
2367 abſorbs 
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abſorbs elaſtiek air vigorouſiy: As maybe 
ſeen in many Antances under Experiment 351 


good quantity of ſulphur, did, when Com- 
potind Hud. Fortis was pour'd on it, in Ex. 
perfment e male a conſiderable fermen< 

cation, and abſorb a great quantity of elaſtiek 
air: But when the” ferment Was much in- 
creaſed, by adding an equal quantity of 
Water to the Uke mixture, then inſtead Gf 
abforbing 85 cubick inches as before; it 
generated 80 cubick inches of air: So that 
fermenting mixtures, which have ſulphur in 
them, do not always abſorb, but ſometimes 
generate air: The reaſon of which in the 


Experiment now under conſideration ſeems 


to be this, vi. in the firſt caſe a good quan- 
tity of elaſtick air was generated, by the 


inteſtine motion of the fermenting ingre⸗ 


dients; ; bur there ariſing thence a thick, acid 
filphurcous” fume, this fume abforbed'a 


greater quantity of elaſtick alr than Was be- 
fote generated: And we find by Experiment | 


105 that the ſulphureous particles which fly 
off in the air, do by their attraction deſtroy its 
elaftitiry ; ; for in that Experiment burning 
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n manner waſted, there reinaining only 

à very little dry Earth: And therefore the 
Ablorbed air cannot remain there, but muſt 
be abſorbed by the aſcending fumes which 
then attract moſt ſtrongly, when re- 
duced ad minima: And tis well known 
that a Candle in burning flies all off into 
flame and vapour, ſo that what air it cet 
Wan be th thoſe: ARE Meer 
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And furthie hae found ace: Sins 
deſtroy the air's elaſticity, for many hours 
after the Brimſtone Match, which made 
them, was taken out of the veſſel, 2 2 44: 
(Fig. 35.) Thoſe fumes being fitſt cooled 
vy immerſing that veſſel and its ciſtern x x, 
or an inverted wine Flask, full of the fumes, 
under cold water for ſome time; then mark- 
ing the ſurface of the water S I immerſed 
the veſſels in Warm water: And when all 
was cold — the following day, I found 
good qu ntity of the air s claſticity Maas de- 

| _ -  firoyed 


Ana ved was: hes Bid upon = jen 
repetitions of the ſame Experiment. 
But ꝭif inſtead of the fumes of burn ing 
Birmſtone, I filled a Flask full of ſumes from 
the ſmoak of wood, after it had done flam- 

ing then there was but half as much air 
abſorbed by thoſe fumes, as there was by 
the; fumes, of Brimſtone; vis. becauſe 

the ſmoak of wood was much diluted with 
the watry vapour which aſcended with it 
out of the wood. And this is doubtleſs the 
reaſon why the ſmoak of wood, tho it in- 
commodes the lungs, yet it will not ſuffocate 
like that of Charcoal, which is withal more 
{ulphntoous,' ieee mixture vf ur 

. 8 3 K 1 ? 

And that new peneritot elaſtic air is re- 
forvetby: theſe fames, I found by attempting 
to fire a Match of Brimſtone with a burn⸗- 

ing -glafs;i by means of a pretty large piece 
of Brown Paper which had been dipped 
in a ſtrong ſolution of Nitre, and then 
dryed: Which Nitre in detonizing generated 
ntcar two quarts of air, which quantity of air, 
and a great deal more, was abſorbed, when 
the Brimſtone took ſire and flamed vigorouſly. 
| 5 1011 3 | 80 


K * er tho #5 cubiclrieghes fair; E 
abſorbed-by the, Walton mineral and com- 

nd, 1q4a-fortis, was che exceſs of hat 
was abſorbed by thoſt ;fames above What 
was generated by the fermenting mixture, 
And the reaſon is the ñſame in filings of 
Iron and Spirit of Nitr e, Experiment 94, 
which al ſo abſorbed more than they generat- 
ſon of which will appear preſentlyͤ ?- 
Hence alſo we ſee the reaſon why filings 
of Iron and compound Agua fortis in the 
ſame 94 Experiment abſorbed air; and why 
when mixed with an equałb quantity of water 
it moſtly ahſorbed, but did ſometimes gene 
tate, and then abſorb again: And it Was the 


dame with Oil of Vitriol, filings of! Iron and 


Mater, and New-caſtle Coal and comound 
 Aqua-fortis and others 4c; Arfirft when 
the ferment was brisk; tha abſorbing fumes 
roſe faſteſt; whereby more: air Was abferbed 
than generated; but as the farment abated, to 
ſuch a degree as to be able ſtill to- 
elaſtick air, but not to fend forthy 2>Propor- 


tionable quantity of fumes; in that caſet more 
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And in Experiment 95; thete are ſeveral | 
inſtances of the air's being in like manner 
abſorbed: in leſſer degrees, by other ferment- 
ing mixtures: As in-the mixture of Spirit 
of Harts- horn with filings of Iron, and with 
filings of Copper: And Spirit of Sal Am- 
moniat with filings of Copper; and alſo 
filings of Iron and Watet ; powdered Flint 
and Compound Aqua- fortis; powdered Bris 

ſtol Diamond with the ſame liquor. 

It is probable from Experiment 103 and 
106, Where it was found that the thicker 
the fuliginous vapours were, the faſter they 
abſorbed the air, that if the above-mentioned 
fermenting mixtures had not been confined 
in cloſe veſſels, but in the open air, where 
the vapours would have been leſs denſe, that 
in that caſe much leſs air would have been 
abſorbed, perhaps a great deal leſs than was 
generated. 

In the ſecond caſe of che Walton kama 
Experiment 96, when inſtcad of abſorbing, 
it generated air, the parts of the Compound 
Aqua fortis were then more at liberty to 
act by being diluted with an equal quantity 
of water; whereby the ferment being 
more violent, the particles which conſti- 
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tuted the new elaſtick . were thereby 
thrown off in greater plenty, and perhaps 
with a greater degree of claſticity,. which 
might carry them beyond the ſphere of at- 
traction of the ſulphurcous particles. 55 
This is further illuſtrated by Experiment 
94, where filings of Iron and oil of Vitriol 
alone generated very little; but the like 
quantities of filings of Iron, with an equal 
quantity of water, generated 43 cubick inches 
of air; and the like ingredients, with three 
times that quantity of water, generated 108 
cubick 1 
And tho' the quantity of _ n 
fumes (which was in this caſe of the Walton 
mineral very great) muſt needs in their aſcent 
abſorb a good deal of elaſtick air; for they 
will abſorb air; yet if where the ferment Was 


ſo much greater, more elaſtick air was ge- 


nerated by the fermenting mixture than was 
abſorbed by the aſcending fumes; then the 


quantity of new generated air, which I found 


between S and 44, (Fig. 35.) when I mea- 


ſuxed it, was equal to the exceſs of what was 


generated above what was abſorbed. 
And probably in this caſe the air was not 


aloe ſo much in Proportion to the denſity 
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of the fumes as in the firſt caſe ; becauſe here 


the ſulphuteous fumes were much blended 


with watry vapours: For ve find in Experi- 
ment 97, that ſix times more was waſted in 


fumes in this caſe than in the other; and there. 


fore probably a good part of the cubick inch of 
water aſcended with the vapour, and might 


| thereby weaken its abſorbing power: For 


watry vapours do not abſorb elaſtick air 


as the ſulphureous ones do; tho' by Experi- 


ment 120 ,a Candle abſorbed more in a damp 


than in a dry air. 
And tis from theſe aa watty vapours - 
that filings of Iron with Spirit of Nitre and 


Water, abforbed leſs than with Spirit of Nitre 


alone, for in both caſes it abſorbs more oa 


it generates. 
Thus alſo oil of vitriol and Chalk ge- 
nerate air, their fume being ſmall, and that 


much Wu per en "Ne was Me ur in the | 


Chalk. 


makes no fume, ſo it abſorbs no air. 


-We ſee in * 92; where the fer- 
2 : ment 
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But Lane with oil bf Virtiol, or White 

Wine Vinegar or Water, make a conſiderable 
fume, and abſorb good quantities of air: 
Lime alone left to ſlaken gradually, as Te 
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ment was not very ſudden. nor. violent, nor 


the quantity of abſorbing fumes large, that 


the Antimony and Aqua: fortis generated a 


quantity of air equal to 520 times the bulk 


of the Antimony; thus alſo. in the mixture 
of Aqua regia and Antimony, in Experiment 
91, while at firſt the ferment was ſmall, then 
air was generated; but when with the increaſ- 
ing ferment plenty of fumes aroſe, then there 


was a change from a generating to 20 abſorb 


ing ſtate. 
Since we find ſuch great. quantities of 


| elaſtick air generated in ſolution of animal 


and vegetable ſubſtances; it muſt need sbe 


that a good deal does conſtantly ariſe, from 


the diſſolving of theſe alimentsin the ſtomach 
and bowels, which diſſolution it greatly pro- 
motes: Some of which may very probably 
be re-ſorbed again, by the fumes which ariſc 
with them; for we ſee in Experiment 3; 
that Oyſter-ſhell and Vinegar, Oyſter-ſhell 
and Rennet, Oyſter-ſhell and Orange juice, 
Rennet alone, Rennet and Bread, firſt generat- 
ed and then abſorbed airʒ but Oyſter-ſhell with 
{ome of the liquor ofa Calve's ſtomach which 


had fed much upon Hay, did not generate air; 


and it was the ſame with Oyſter-ſhell and 
. : W. 
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0 gall, and ſpittle, and urine; Oyſter-ſhell 
and Milk generated a little air, but Limon 
juice and Milk did at the ſame time abſorb a 
little: Thus we ſee that the varicty of mix- 
tires in the ſtomach appear ſometimes to 
generate, and ſometimes to abſorb air; that 
is, there is ſometimes more generated than 


| abſorbed, and ſometimes an equal quantity, 
and ſometimes leſs according to the propor- 
tion the generating power of the diſſolving 


aliments bears to the abſorbing power of the 
fumes which ariſe from them. In a true kindly 


digeſtion, the generating power exceeds the 
abſotbing power but a little: But whenever 


the digeſtion deviates in ſome degree from 
this natural ſtate, to generate a greater pro- 


portion of elaſtick air, then are we rrou- 


bled more or leſs with diſtending Flatus's 
I had'intended to make theſe and many more 
Experiments relating to the nature of digeſ- 
tion in a warmth equal to that ofthe ſtomach, 
but have been hitherto prevented by purfu- 


ing other Experiments. | 
Thus we ſec that all theſe mixtures do 


in fermentation generate elaſtick air, but 


thoſe which emit thick futnes, charged with 


falphur,” reſorb more than was generated 
X 3 — 
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in proportion to the ſulphuy 


thickneſs of thoſe fumes. F 


10 LIT 41011 

1 have alſo. ſhewn in many Fel he fore 
going Experiments, that plenty of true per- 
manent elaſtick air is generated from the 
fermenting mixtures of acid and alkaline ſub- 
ſtances, and eſpecially from the fermenta- 


tion and diſſolution of animal and vegeta- 


ble bodies: : Into whoſe ſubſtances we (ce it 
is in a great proportion intimately and firmly 
incorporated; and conſequently, great quan- 
tities of elaſtick air muſt be continually ex- 
pended i in their production, part of which 


does we ſce reſume its claſtick quality, when 


briskly thrown off from thoſe bodies by fer- 
mentation, in the diſſolution of their texture. 


5 But part may probably never regain its elaſ- 
| ticity, or at leaſt not in many centuries, that 


eſpecially which is incorporated into the 
more durable parts of animals and ve- 
getables. However we may With. pleaſure 
ſee what immenſe treaſures of this, noble 


and important element, .cnducd with a 
moſt ative principle, theall-wiſe Providence 
of the great Author of nature has provided; 

the conſtant waſte of it being abundantly 


ſupplycd by heat and fermentation from in- 


numerable 
- 


A of of the" Br. wy 
BY denſe bodies; and that probably” 
from many of thoſe bodies, which when 
they had their aſcending fumes confined in 
my Glaffes” abſorbed more air than they 
generated, but would in a more free, Open 
ſpace gene rate more than they abſorbed.” 
1 made ſome attempts both by fire, and 
alſo by fermenting and abſorbing mixtures, 
to try if I could deprive” all the particles of 
any quantity of claſtick air of their elaſticity, 
but I could not effect it: There is therefore 
no direct proof from any of theſe Experi- 
ments, that all the elaſtick air may be ab- 
ſorbed, tho” tis very probable i it may, ſince 
we find it is in ſuch great plenty g generated 
and” abſorbed; it may well therefore be 
all abſorbed * 5 changed from an elaſß⸗ 
tick to à fixt ſtate: For as Sir Isaac NERw- 
rox obſerves of light, „that nothing more 
is requiſite for producing all the variety of 
« colours; and degrees of refrangibility, than 
that the rays of light be bodies of different 
. ſizes"; the leaſt of which may make the 
« weakeſt and darkeſt of the colours, and 
© be more 'caſily diverted, by. refracting ſur- 
60 oo from the” 1 75 courſe ; and the reſt, 


go 
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tc and * — — diverted. 
t Qu. 29. So Qu. zo, he obſerves of air, that 
be denſe bodies by fermentation rarify into 


. ſeveral ſorts of air, and this air, by fer- 
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mentation, and ſometimes without, returns 
te into denſe bodies.“ And ſince we find 
in fact from theſe Experiments, that air a- 
riſes from a great variety of denſe bodies, 
both by fire and fermentation, it is probable 
that they may have very different degrees of 
elaſticity, in proportion to the different ſize 
and denſity of its particles, and the different 
force with which they were thrown off in- 
to an elaſtick ſtate. Thoſe particles ( as 
Sir I8aac NE rox obſerves) receding 
« from one another, with the greateſt re- 
ic pulſive force, and being moſt difficultly 

c brought together, which upon contact 

* cohere moſt ſtrongly.” Whence thoſe of 
the weakeſt elaſticity, will be leaſt able to 
- -xeſiſt a counter- acting power, and will there- 
fore be ſooneſt changed from an elaſtick 
to a fixt ſtate. And 'cis conſonant to reaſon 
to think, that the air may conſiſt of infinite 
degrees of theſe, from the moſt elaſtick and 
Pelli, till we come to the mote fluggilh, 

watry 
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ck particle; near the ſurface of the earth, 


-while:it;continucs-i in that elaſtick ſtate, muſt 


be ſuperior to the incumbent preſſure of a 


column of air, whoſe height is equal to that 
of the atmoſphere, and its baſe to the ſur- 
face of the ſphere of its elaſtick activity. 


Ihus upon the whole, we ſee that air a- 


bounds in animal, vegetable. and mineral ſub- 
ſtances; in all which it bears a confi derable 


part; if all the parts of matter were only 


endued with a ſtrongly. attracting power, 


whole nature would then immediately be- 
come one unactive cohering lump; where- 


fote it was abſolutely neceſſary, in order to 


the actuating and enlivening this vaſt maſs of 


attracting matter, that there ſhould be every 


where intermixed with it a due proportion 
of ſtrongly repelling elaſtick particles, which 
might enliven the whole maſs, by the in- 
ceſſant action between them and the at- 
tracting particles: And ſince theſe elaſtick 


particles are continually in great abundance 
reduced by the power of the ſtrong attracters, 
ftom an elaſtick, to a fixt ſtate; it was there- 


os 1 that theſe particles ſhould be 
endued 
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— 


elaſtick tate; Whenever they we 


endued with a Apen erung wer 


zed from that maſs, in Ghich they were 

xed; that thereby this beautiful frame of 
things might be maintained, in a continu 
round of the production and diffolution of 


animal and vegetable bodies. 


The air is very inſtrumental in Wü pro- 


duction and growth of animals and vegeta- 


bles, both by invigorating their ſeveral juices, 


while in an elaſtick active tate, and alſo by 


greatly contributing in a fix'd tate to the 
union and firm connection of the ſeveral 
conſtituent parts of thoſe bodies, VIS. their 


Water, ſalt, ſulphur and earth. This band of 


union, in conjunction with the external air, 


is alſo a very powerful agent in the diſſolu 


tion and corruption of the ſame bodies, for 


it makes one in every fermenting mixture; 
the action and re- action of the aereal and ſul- 


phureous particles is in many fermenting 


5 mixtures ſo great, as to excite a burning 
heat, and in others a ſudden flame: And 
it is we ſee by the like action and re-ac- 


action of the ſame principles, in fuel and the 
ambient air, that common - pers. fires are 
N and maintained. es 


Th 0 
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the Ka of iy alen is ſo great, 


Var 


1015 preſſure, 


elaſticit: 7 ad we have 


abundance deſtroyed; and i: is thereby reduced 


to a fixt ſtate, by the ſtrong attraction of the 


acid ſulphureous particles, which ariſe either 


from fire or from fermentation : And there - 
fore elaſticity is not an eſſential immutable 
property of air particles; but they are, we 


ſee, eaſily changed from an elaſtick to a fixt. 
ſtate, by the ſtrong attraction of the acid, ſul- 


phureous and ſaline particles which abound 
in the air. Whence it is reaſonable to con- 


clude, that our atmoſphere is a Chaos, con- 


liſting not only of elaſtick, but alſo of un- 


elaſtick air particles, which in great plenty 
float, in it, as well as the Aulphur eous, ſa- 
line, atry and earthy particles, which are 
no ways capable of being thrown, off into a 
permanently elaſtick ſtate, like thoſe parti- 
cles which conſtitute true permanent if. +534 
Since then air is found ſo manifeſtly to 
abound in almoſt all: natural bodies ſince 
+ active a principle 
in e 5 — ſince its con- 
Our ſtituent f 


we find it ſo operative an 


— 
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ſtituent ats are of ſo durable 4' natute, 
that the moſt violent action of fite, or fer- 
mentation, cannot induce ſuch an alteration 
of its texture, as thereby to diſqualify it 
from reſuming, either by the means of fire, 
or fermentation; its former elaſtick ſtate; 
unleſs in the caſe of vitrification, when with 
the vegetable Salt and Nitre, in which it is 
inedrporacd;: it may perhaps ſome of it 
with other chymical principles be immuta. 
bly fixt : Since then this is the caſe, may 
e not with good reaſon adopt this now fixt, 
now volatile Proteus among the chymical 
principles, and that a very active one, as well as 
acid ſulphur; notwithſtanding it has hither- 
to been overlooked and rejected by i., 
as no way intitled to that denomination? 
If thoſe who unhappily ſpent their time 
and ſubſtance in ſearch after an imaginary 
production, that was to reduee all things to 
gold, had, inſtead of that fruitleſs purſuit, 
beſtowed their labour in ſearching after this 
much neglected volatile Hermes, who has ſo 
often eſcaped thto their burſt receivers, in 
the diſguiſe of a ſubtile ſpirit,” a meer fla. 
tulent exploſive matter; they would then 


Ne of reaping vanity, have found their 
. * reſearches 
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reſcarches rewarded: with very cont 
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; 'E are but too ſenſible, cu our rea- 
V ſonings about the wonderful and 
intricate operations of nature are fo full 
of uncertainty, that as the wiſe-man truly 
obſerves, hardly do we gueſs aright-at the 
things. that are upon earth, and with labour 
do we find the things that are before us. 
Wiſdom Chap. ix. v. 16. And this obſerya- 
tion we find ſufficiently. verified in vege- 
table nature, whoſe abundant productions, 
tho they are moſt viſible and obvious to us, 
yet are we much in the dark about the nature 
of them, becauſe the texture of the veſſels of 
plants is ſo intricate and fine, that we can 
trace but few of them, tho aſſiſted with the 
beſt microſcopes. We have however good 
reaſon to be diligent in making farther and 
farther reſearches; for tho we can never hope 
to come to the bottom and firſt principles of 
things, Jet, in fo inexhauſtiblea * where 


$18 N Babe, 
every the ſmalleſt part of this wondt 
fabrick is wrought i in the moſt cagious and 
beautiful manner, we need not doubt of 
having our inquiries: rewarded, with ſome 
further pleaſing diſcovery ; but if this ſhould 
not be the reward of our diligence, we are 
however ſure of entertaining our minds 
after the moſt agreeable manner, by "ſeeing 
in every thing, with ſurpriſing delight, 55 
plain ſignatures of the wonderful hand of 
the divine architect, as muſt neceſſarily diſ- 
poſe and carry our thoughts to an act of ado- 
ration, the beſt and nobleſt wuntenen and 
_ entertainment of the a N 

What Ifhall here ſay, will be chiefly. 0 
ed on the following expetiments; and on 
feveral of the preceding ones, without * 
peating what has already been eee 
obſerved on the ſubject of vegetation. - 

Me ſind by the chymical analyſis of vege- 
tables, that their ſubſtance. is compoſed of 
ſulphur, volatile ſalt, water and earth; which 
principles are all endued with mutually 
attracting powers, and alſo of a large portion 
of air; which has a wonderful property of 
ſtrongly attracting in a fixt ſtate, or of re. 


nn in an clakick.. ſtate, with a power 
| which 


| wig isby. the infinite combinations, action 
and x£-aftign: of theſe, principles, that all 
the operations in a, and en 
bodies are effected. 11 vi 
.. Theſe active en pant nia | 3. are —— fo: 5 
riceable.i in carrying on the work of vegeta- 
tion to its perfection and maturity. Not 
only in helping by their elaſticity. to diſtend 
tile part, but alſo by enlivening and | 
invigorating their ſap, where mixing with 
the other mutually attracting principles they 
are by gentle heat and motion ſer at liberty 
to aſſimilate into the nouriſhment of the re- 
ſpective parts: The ſoft and moiſt nouriſh- 


« ment caſily, changing its.texture by. gentle 
te heat and motion, which .. congregates 
e homoę geneal bodies, and ſeparates hete- 
rogencal ones. Neutons Opticks, qu. 
31. The ſum of the attracting power of theſe 
nutually acting and re- acting principles 
being, while i in * nutritive ſtate, rn 
to the ſum of 

by the work C n Au 


rition is —— proves 
ed by the nearer and nearer union of theſe 
Damalkass; en a leſſer to a greater degree 

of c con ſiſteney, till they are advanced to that 
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viſcid ductile ſtate, whence the ſeveral parts 
of vegetables are formed; and are at length 5 
firmly compacted into hard fubſtances, by 
the flying off of the watry diluting vehicle; 
ſooner or lat er, according to the different 
degrees of coheſion of theſe chus e 
principles. . 

But when the watry de do: again 
ſoak into and diſunite them, and their repel- 
lingpower is thereby become ſuperior to their 
attracting power; then is the union of the 
parts of vegetables thereby ſo throughly diſ- 
ſolved, that this ſtate of putrefaction does 
by a wiſe order of Providence fit them to 
reſuſcitateagain, in newvegetable productions; 
whereby the nutritive fund of nature can 
never be exhauſted : Which being the ſame 
both in animals and vegetables, it is thereby 
admirably fitted by a little alteration of its 
texture to nouriſh either. 

Now, tho all the principles of m- 
Friel are in their due proportion neceſſary 
to the production and perfection of them; 
yet we generally find greater proportions 
of Oil in the more elaborate and exalted 
parts of vegetables: And thus Seeds are found 

to abound with Oil, and conſequently with 
Sonar 
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aner Au 1 e as we nee by upon: 56, 
14% 5 K. which Seeds containing the rudi- 
ments of future vegetables, it Was neceſſary 
that they ſhould be well ſtored with princi- 
ples that would both preſerve the Seed from 
putrefaction, and alſo be very active in pro- 
moting germination and vegetation. Thus 
alſo by the grateful odours of flowers we „ 
are aſſured, that they are ſtored with a very = 
ſubtile, highly ſublimed Oil, which perfumes 
| the ambient air, and the ſame'may be ob- 
; ſerved from the high taſtes of fruits. 
And as Oil is an excellent preſervative 
againſt the injuries of cold, ſo it is found 
0 abound: in the ſap of the more northern 
. trees; and it is this which in ever r gteens 
: keeps their leaves from falling. wr 
7 But plants of a leſs durable texture, as 
1 they abound with a greater proporrion of 
Salt and Water, which is not ſo ſtrongly 
WW azttraQting as ſulphur and air, ſo are they leſs 
| able to endure the cold; and as plants are 
obſerved to have a greater proportion of Salt 
and Water in them in the ſpring, than in 
the autumn, ſo are they more eaſily injured 
by cold in the ſpring, than in a more adyanced 
©) bind HF 1 — $95 1747S 


- 


1 4 = 1 
, 


— 19m = OE — — — 


* 


JS Of V. egetation. 
age, when their quantity of al is increaſed, 
with their greater maturity. 
Whence we find that nature's chief. buſi- 
neſs, in bringing the parts of a vegetable, 
_ eſpecially its. fruit and ſeed to maturity, is 
to combine together in a due proportion, 
the more ative and noble principles f ſul. 
phur and air, that chigfly conſtitute oil, 
. which in its moſt refined ſtate is never found 
without ſome degree of earth and Galt i in it. 
And the more perfect this maturity is, the 
more firmly are theſe noble principles united. 
Thus Rheniſh Wines, which grow in a more 
northern climate, are found to yield their 
Tartar, 1. e. by Exper. 73. their i incorpora- 
ted air and ſulphur in greater plenty, than 
the ſtronger Wines of hotter countries, in 
which theſe generous principles are more 
firmly united: And particularly in Madera 
Wine, they are fixt to ſuch a degree, that 
that Wine requires a conſiderable degree of 
warmth, ſuch as would ſoure many other 
Wines, to keep it in order, and give it a 
- generous taſte ; and tis from the ſame rea- 
ſon, that ſmall French Wines are found to 
yield more ſpirit in diſtillation, than ſtrong 
: —_ Wines. . But 
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But when, on the other hand, the crude 
watry part of the nutrimeat .bears too great 


a proportion to the more noble principles, 


either in a too luxuriant ſtate of a plant, or 
when its roots are planted too deep, or it 
ſtands in too ſhady a poſition, of in a very 
cold und wet ſummer ; z then it is found, 
that either no fruit is produced, or if there 
be any, yet it continues in a crude watry 
ſtate; and never comes to that degree of 


maturity, which a due proportion of the 


more noble principles would bring it to. 

Thus we find in this, and every other 
part of this beautiful ſcene of things, when 
we attentively conſider them, that the great 
Author of nature has admirably tempered 
the conſtituent principles of natural bodies, 
in ſuch due proportions as might beſt fit 
them for the ſtate and 1 _ were 
intended for. 


It is very plain from many: of the Pg 


going Experiments and Obfervations, that 
the leaves are very ſerviceable in this work 


of vegetation, by being inſtrumental in bring- 
ingnouriſhment from the lower parts, within 


the reach of the attraction of the growing 
fruit 3 ; FOO like young animals is furniſhed 
„ N With 
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with proper inſtruments to ſuck it thence. 
But the leaves ſeem alſo deſigned for many 
other noble and important ſervices; for 
nature admirably adapts her inſtruments ſo 
as to be at the ſame time ſerviceable to 
many good purpoſes. Thus the leaves, in 
which are the main excretory ducts in vege- 
tables, ſeparate and carry off the redundant 
watry fluid, which by being long detained, 
would turn rancid and prejudicious to the 
plant, leaving the more nutritive parts to 
coaleſce ;- part of which 'nouriſhment, we 
have good reaſon to think, is conveyed into 
vegetables thro' the leaves, which do plenti- 
fully imbibe the Dew and Rain, which con- 
tain Salt, Sulphur, c. For the air is full 
of acid and ſulphureous particles, which 
when they abound much, do by the action 
and re. action between them and the elaſticx 
air cauſe that ſultry heat, which uſually 
ends in lightning and thunder: And theſe 
new combinations of air, ſulphur and acid 
ſpirit, which are conſtantly forming in the 
air, are doubtleſs very ſerviceable, in promo- 
ting the work of vegetation; when being 
imbibed by the leaves, they may not im- 
probakly be the manga out of which the 
b more 
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more ſubtile and refined principles of ve- 


getables are formed: For ſo fine a fluid as 
the air ſeems to be a more proper medium, 
wherein to prepare and combine the more 


exalted principle of vegetables, than the groſ- 


ſer watry fluid of the ſap; and for the ſame 
reaſon, tis likely, that. the moſt refined and 
active principles of animals are alſo prepared 
in the air, and thence conveyed'thro' the 
lungs into the blood; and that there is plenty 
of theſe ſulphureo-acreal particles in the 
leaves, is evident from the ſulphureous exu. 


dations, which are found at the edges of 
leaves, Which Bees are obſerved to make 


their waxen cells of, as well as of the duſt 
of flowers: And that wax abounds with ſul- 


phur is plain from its burning freely, exc. . 


We may therefore reaſonably conclude, 
that one great uſe of leaves is what has 
been long ſuſpected by many, 47s. to per- 
form in ſome meaſure the ſame office for 
the ſupport of the vegetable life, that the 
lungs of animals do, for the ſupport of the 
animal life; Plants very probably drawing 
thro their leaves ſome part of their nou- 


rihment from the air. 
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But as plants have not a dilating and con- 
tracting Thorax, their inſpirations and expi- 
rations will not be ſo frequent as thoſe of 
Animals, but depend wholly on the alter 
nate changes from hot to cold, for inſpira- 
tion, and vice verſd for expiration ; and 'tis 
not improbable, that plants of more rich 
and racy juices may imbibe and aſſimilate 
more of this aereal food into their conſtitu- 
tions, than others, which have more watry 
vapid juices. We may look upon the Vine 
as a good inſtance of this, which in Exper. 3. 
perſpired leſs than the Apple tree. For as it 
delights not in drawing much watry nouriſh- 
ment from the earth by its roots, ſo it 
muſt therefore neceſſarily be brought to a 
more ſtrongly imbibing ſtate at night, than 
other trees, which abound more with watry 
nouriſhment; and it will therefore conſe- 
quently imbibe more from the air. And likely 
this may be the reaſon, why plants in hot 
countries abound more with fine aromatick 
principles, than the more northern plants, 
for they do undoubtedly imbibe more dew. 
And if this conjecture be right, then it 
gives us a farther reaſon, why trees which 
abound with moiſture, either from too ſhaded 


+ k 


that great bleſſing the dew of Heaven. 
And as the moſt racy generous taſtes of 
fruits, and the grateful odours of flowers, 


pi * 
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a poſition, or a too luxurious ſtate are un- 
fruitful, vis. becauſe, being in theſe caſes 
more replete with moiſture, they cannot im- 
bibe ſo ſtrongly from the air, as others do, 


dv not improbably ariſe from theſe refined 
acreal principles, ſo may the beautiful co. 
lours of flowers be owing in a good mea- 
ſure to the ſame original; for it is a known 


obſervation, that a dry ſoil contributes much 
more to their nem than a ſtrong moin 


one does. 


And may not light alſo, by freely Metis 
the expanded ſurfaces of leaves and flowers, 
contribute much to the ennobling the prin- 
ciples of vegetables; for Sir Iſaac Newton, 
puts it as a very probable query, Are 


« not groſs bodies and light convertible into 
“ one another? and may not bodies receive 
much of their activity from the particles 


of light, which enter their compoſition 2 
e The change of bodies into light, and of 
“ light into bodies, is very conformable to 


«. the conrſe of nature, which ſeems de- 
N < Hand withtranſmutations, Opt. qu. 30.” 
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Exrrni MENT. CxxU. 

"Hi hu W of e do ir elaſ 
tick air, I have ſome reaſon. to fuſpect from 
the following, Experiment, vig. In May I 
ſet ſome well rooted plants of ſpear- mint 
in two glaſs ciſterns full of water, which 
ciſterns were ſet on pedeſtals, and had in- 
verted chymical receivers put over them, as 
in (Fig. 35.) the water being drawn up to 
aa, half way their necks: In this incloſed 
moiſt ſtate the plants looked pretty florid 
for a month, and made, as I think, ſome 
few weak lateral ſhoots, tho'. they: did not 
grow in height; they were not quite dead 
till after ſix weeks, when. it was found that 
the water was riſen in both glaſſes from 
a 4 towards 2 Z, in bulk about 20 cubick 
inches: But as there was not ſo exact an ac- 

count taken of the different temperature of 
the air, as to heat and cold, as there ought 
to have been, 71 am not certain, whether 
that riſing of the water might not be owing 
to a greater coolneſs. of the air at the fix 
; weeks, end, than when they were firſt placed 
under the glallcs ; 3 and therefore do-not = 
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| 07 Vegetation. 329 
pend « on this Experiment; but thought it 
proper to mention it, as well deſerving to 
be repeated with greater accuracy, both with 
Mint, and other proper plants, by noting the 

temperature of the air on a Thermometer, 


hanging near the receivers, and obſerving 


after ſome time, whether the water @ 4 be 
riſen, not withſtanding the air be no cooler 
than when the Mint was firſt placed under 


the glaſs. And for greater certainty, it will 
be adviſeable to ſuſpend i in the ſame manner 


another like receiver with no Mint, but 
| anne water in 45 _ toaa. 


"BxXPERIMEN: T cxXIII. 
ON wr to | find out + the manner of che 


growth of young ſhoots, I firſt prepared the 
following inſtrument, viz. I took a ſmall 
ſick. 4, (Fig. 40.) and at a quarter of an 
ns from each other, I run the 


lick, 0 far as to Rand: of an inch am the 


ſtick, then bending . the great ends of 
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I bound them all faſt with waxed 
3:I provided alſo ſome red lead mixed 
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In the ſpring, when the Vines had Wade 
ſhorr ſhoots; I dipped the points of the pins 
in the paint, and then pricked the young 
ſhoot of a Vine, (Fig: 41.) with the five 
points at once, from r to : I then took 
off the marking inſtrument, and placing the 
loweſt point of it in the hole p, the upper- 
moſt mark, I again pricked freſh holes from 
p to l, and then marked the two other 
points i h; thus the whole ſhoot was marked 
every 4 inch, the red 3 rr r- oy. 
point remain viſible. 

(Fig. 42.) ſhews tk true proportion of | 
the ſame ſhoot, when it was full grown, the 
September following; where every corre- 
ſponding point is nenne with the fame let- 
Z "Tha diſtance ne Fe to 4 Was not en- 
; larged above 4 & part of an inch; from i tog, 
the & of an inch; from 17 to p, 33; from p 
to o, 3; from o to n, 1 from ꝝ to m ο 
from m to l, 1 + of an inch; from /to 
2 1 ＋ i inch wem and from: i to tet 
inches. 

In this Eapprinentze ve er Ma chin firſt 
joint to 7 extended very little; it being al- 
moſt hardened, and come near to its full 
— 
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growth, when J marked it: The next joint, 
from r ton, being younger, extended ſome- 
thing more; and the third joynt from to & 

extended from of an inch, to 3 2 
"= inches; but "A E to h, the very tender 
| joynt, which was but 4 inch long, when 1 
: marked it, was wn Full g's three nn 
long. 18 | | 
We may bin inc nature in 1 ner 
to furniſh theſe: young growing ſhoots with 
plenty of ductile matter is very careful to 
furniſh at ſmall diſtances the young ſhoots 
of all ſorts of 'trees, with many leaves 
throughout their whole length, which ſerve 
as ſo many joyntly acting powers placed at 
different ſtations, thereby to draw with more 
caſe plenty of ſap to the extending ſnhoot. 
The like proviſion has nature made in 
the Corn, Graſs, Cane, and Reed kind; the 
leafy ſpires, which draw the nouriſhment 
to each joynt, being provided long before 
the ſtem ſhoots, which lender ſtem in 
its tender ductile ſtate would moſt eaſily 
break and dry up too ſoon, ſo as to pre- 
vent its due growth, had not nature to 
prevent both theſe inconveniences provided 
arong 7 hecas or Scabbards, which both ſap- 
port 
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port and keep long in a ſupple ductile 
ſtate the tender extending ſte. 
I marked in the ſame manner as the Vine, 
at the proper ſeaſons, young Honeyſuckle 
| ſhoots, young A/paragys,. and young Sun. 
flowers ; and I found in them all a gradual 
ſcale of unequal extenſi ions, thoſe parts ex- 
tending moſt which were tendereſt. The 
white part of the Aſparagus,” which was un- 
der ground, extended very little in length, 
and accordingly we find the fibres of the 
white part very tough and ſtringy : But the 
greateſt extenſion of the tender green part, 
which was about 4 inches above the ground 
when 1 marked it, ſeparated the marks from 
2 quarter of an inch, to twelve inches dil 
tance; the greateſt diſtenſion of the Sun. 
flower was from! igel, to four inches diſ. 
tance. | 1 : | 
From theſe. 123 it is evident, 
that the growth of a young bud to a ſhoot 
conſiſts in the gradual dilatation and exten- | 
ſion of every part; the knots of a ſhoot | 
being very near each other in the bud, as 
may plainly and diſtinQly be ſeen in the ſlit il; 
bud of the Vine and Fig tree; but by this 


gradual diſtention of every part, they are cx i, 
EF tended 


5 
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tended to their full length. And we may 


eaſily conceive how the longitudinal capil- 
lary tubes ſtill retain their hollowneſs, not- 
withſtanding their being diſtended, from the 


like effect in melted glaſs tubes, which re- 


tain a hollowneſs, tho drawn. out to 55 : 
fineſt thread. * © | 

The whole progreſs of the firſt joynt 7 
is very ſhort in compariſon of the other 
joynts; becauſe, at firſt ſetting out its leaves 


being very ſmall, and the ſeaſon then cooler 


than afterwards; *tis probable, that but lit- 
tle ſap is conveyed to it, and therefore it ex- 
tending but ſlowly, its fibres are in the 
mean time grown tough and hard, before 
it can arrive to any conſiderable length. 
But as the ſeaſon advances, and the leaves 
inlarge; greater plenty of nouriſhment be- 
ing thereby conveyed, the ſecond joynt 
grows longer than the firſt, and the 3d and 
4th ſtill on gradually longer than the pre- 
ceding; theſe do. therefore in equal.times 
make greater advances than the former. 
The wetter the ſeaſon, the longer and 
larger ſhoots do vegetables uſually make; 
becauſe their ſoft ductile parts do then con- 
tinue longer in a moiſt, tender ſtate; but 
£22 +5 
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in a dry ſeaſon the fibres ſooner harden, and 
ſtop the further growth of the ſhoot; and 
this may probably be one reaſon why the 
two or three laſt joynts of every ſhoot are 
uſually ſhorter than the middle joynts; vig. 
becauſe they ſnooting out in the more advan- 
ced hot dry ſummer ſeaſon, their fibres are 
ſoon hardened and dryed, and are withal 
checked in their growth by the cool 
autumnal nights: I had a vine ſhoot of one 
year's growth which was 14 feet long, and 
had 39 joynts, all pretty nearly of an equal 
length, except ſom©Eof the firſt and laſt, 
And for the ſame reaſon, Beans and many 
. plants, which ſtand where they are 
much ſhaded, being thereby kept continually 
moiſt, do grow to unuſual heights, and are 
drawn up as they call it by the over ſhadow- 
ing Trees, their parts being kept long, ſoft 
and ductile : But this very moiſt ſhaded ſtate 
is uſually attended with fterility ; very long 
joynts of vines are alſo obſerved to be un- 
fruitful. | 2 
This Experiment, which ſhews the manner 
of the growth of ſhoots, confirms Borel 
As opinion, who in his Book De motu 
Animalium, _ ſecond Chap. 13, ſup- 
. | poſes 
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doſesche tender growing ſhoot to be diſtend- 
e like ſoft wax by the expanſion of the 
moiſture in the ſpongy pith; which dilating 
© moiſture, he with good reaſon concludes 


is hindered- from, returning back, while it 
expands by the ſpongineſs of the pith, 


without the help of valves. For tis very 


probable that the particles of water, which 
immediately adhere to, and are ſtrongly 


imbibed into, and attracted by every fibre 


of the ſpongy pith, will ſuffer ſome degree 
of expanſion before they can be detached 
by the ſun's warmth from each attracting 
fibre, and conſequently the maſs of ſpongy 
fibres, of which the pith n muſt there: 
by be extendet. 

And that the pith may 1 they more ies | 
able for this purpoſe, nature has provided in 
moſt ſhoots aſtrong partition at every knot, 
which partitions ſerve not only as plinths, or 


abutments for the dilating pith to exert its 


force on, but alſo to prevent the rarified ſap's 
too free retreat from the pith. 

But a dilating ſpongy ſubſtance, by 
equally expanding it ſelf every way, would 
not produce an oblong ſhoot, but rather a 
globoſe one, like an Apple; to prevent which 

22 83 inconvenience | 
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inconvenience we may obſerve, that 'nature 
has provided - ſeveral Diaphragms, beſides 
thoſe at each knot, which are placed at 
ſmall diſtances acroſs the pith; thereby pre- 
venting its too great-lateral dilatation. Theſe 
are very plain to be ſeen in Walnut: tree 
| ſhoots; and the ſame we may obſerve in the 
pith of the branches of the ſun-flower, and 
of ſeveral other plants; where tho' theſe Dia- 
phragms are not to be diſtinguiſhed while the 
Pith is full and replete with moiſture, yet 
when it drys up, they are often plain to be 
ſeen; and it is further obſeryed, that where 
the pith conſiſts of diſtin& veſicles, the fibres 
of thoſe veſicles are often found to run 
horizontally, whereby they can the better 
reſiſt the too great lateral dilatation of the 
moge. 5 
We may obſerve that nature cakes uſe of 
the ſame artifice, in the growth of the feathers. 
of Birds, which is very viſible in the great 
pinion feathers of the wing, the ſmaller and 
upper part of which is extended by a ſpongy 
pith, but the lower and bigger quill part, by 
a ſeries of large veſicles, which when replete 
- with dilating moiſture do extend the quill, 


but . the quill. is full grown, theſe 
: | | veſicles 


BE. 
veſicles ate always dry; in which ſtate we 
may plainly obſerve every veſicle to be con- 
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trated at each end by a Diaphragm or Sphin- 
&er, whereby its too great lateral dilatation 
is prevented, but not its diſtenſion lengthwiſe. 


And as this pith in the quill grows dry 


and dſeleſs after the quill is full grown, 


we may obſerve the ſame in the pith of trees, 
vhich is always ſucculent and full of moiſture 


while the ſhoot is growing, by the expanſion 
of which the tender duttile ſhoot is diſtended 


in every part, its fibres being at the ſame time 


kept ſupple by this moiſture; but when 
each year's ſhoot is full grown, then the pith 
gradually drys up, and continues for the 


future dry and kikſey, its veſicles being ever 


after empty ; nature always carefully pro- 


viding for the ſucceeding year's growth by 


preſerving a tender ductile part in the bud 
replete with ſucculent pith. BE, 

And as in vegetables, ſo doubtleſs in ani- 
mals, the tender ductile bones of young 
animals are gradually increaſed in every part, 


that is not hardened and oflified; bur ſince 
it was inconſiſtent with the motion of the 
joynts to have the cnds of the bones ſoft 


and duRile as in vegetables; therefore na- 
2 Jure 


33 8 07 Le, egetation. | 


ture makes a wonderful proviſion for this 
at the glutinous ſerrated joyning of the heads 
to the ſhanks of the bones; which joyning 
while it continues ductile the animal grows, 
but when it offifies then the animal can no 
longer grow. As I was aſſured by the following 
Experiment, viz, I took a half grown Chick, 
whoſe, leg-bone was then two inches long, 
and with a ſharp pointed Iron at half an inch 
diſtance I pierced two ſmall holes through the 
middle of the ſcaly covering of the leg, and 
hin- bone; two months after I killed the 
Chick, and upon laying the bone. bare, I 
found on it obſcure remains of the two 
marks 1 had made at the ſame diſtance of 
half an inch: So that that part of the bone 
had not at all diſtended lengthwiſe, ſince 
the time that I marked it: Notwithſtanding | 
the bone was in that time grown an inch 
more in length, which grewth was. moſtly 
at the upper end of the bone, where a won- 
derful proviſion is made for its growth at the 
joyning of its head to the ſhank, ed by 
Aunomiſts Sympbyſis, 

And as the bones grow in length 3 
fo. muſt the ments. the, muſclar, the 
ie 3 ei el en 
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hetvos; the cartilaginous and vaſcular fibres 


of the animal body neceſſarily extend and 


expand, from the ductile nutriment which 
nature furniſhes every part withal; in which 
tepects animal bodies do as truly vegetate as 
do the growing vegetables. Whenee it muſt 


needs be of the greateſt conſequence, that 


the growing animal be ſupplied with pro- 


— ee emen 


to form a ſtrong athletick conſtitution: 
For when growing nature is deprived of 
proper materials for this purpoſe, then is ſhe 
under a neceſſity of drawing out very ſlender 
threads of life, as is too often the caſe of 
young growing perſons, who by indulging in 
ſpirituous liquors, or other exceſſes, do there. 
by greatly deptave the nutritive ductile 
matter, Whence all the 4iftending fibres of 
the body are ſupplied. | 

Since ' are by theſe Euperiments fared * 
that the longitudinal fibres, and ſap veſſels 

wood" irv its firſt years growth, do thus 
diſtend in length by the exrenſton of every 
part; and ſinee nature in ſtmilat᷑ productions 


makes uſe of the ſame or nearly the ſame 


methods: Theſe conſiderations make it not 


unreaſonable to think, that the ſecond and 


2 2 following 
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following years additional ringlets of wood 
are not formed by a meerly horizontal 
dilatation of the veſſels; for it is not eaſy to 
conceive, how longitudinal fibres and tubu- 
lar ſap-veſſels ſhould thus be formed; but 
rather by the ſhooting of the longitudinal 
fibres lengthways under the bark as young 
fibrous ſhoots of roots do, in the ſolid 
Earth. The obſervations on the manner of the 
growth of the ringlets of wood in Experi- 
ment 46 (Fig. 30.) do further confirm this. 
I intended to have made father reſearches 
into this matter by proper Experiments, but 
have not yet found time for it. 

But whether it be by an horizontal or 
longitudinal ſhooting, we may obſerve that 
nature has taken great care to keep the parts 
between the bark and wood always very 
ſupple with ſlimy moiſture, from which 
ductile matter the woody fibres, veſicles and 
buds are formed. ant 5 | 

Thus we ſee that nature, in ade. to the 
production and growth of all the parts of 
animals and vegetables, prepares her ductile 
matter: In doing of which ſhe ſelects and 
combines particles of very different degrees 
of mutual areractiony * — 
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ing the mixture according to the many 
different purpoſes ſhe deſigns it for; either 
forborÞ or more lax fibres of very different 


degrees in animals, or whether it be for the 
forming of woody or more ſoft fibres of 
various kinds in vegetables. 8 

The great variety of which different fab: 
ſtances in the ſame vegetable prove, that 


there are appropriated veſſels for conveying 


very different ſorts of nutriment. And in 
many vegetables ſome of thoſe appropriate 


_ veſſels are plainly to be ſeen replete cither 
with milky, yellow, or red nutriment. 


Dr. Kezll, in his account of animal ſecre- 
tion, page 49, obſerves, that where nature 


intends to ſeparate a viſcid matter from 


the blood, ſhe contrives very much to retard 
its motion, whereby the inteſtine motion of 
the blood being allay ed, its particles can the 
better coaleſce in order to form the viſcid 
ſecretion. And Dr. Grew, before him, ob- 
ſerved an inſtance of the ſame contrivance 


in vegetables where a ſecretion is intended, 
that is to compoſe a hard ſubſtance, vig. in 


the kernell or ſeed of hard ſtone fruits, 
which does not immediately adhere to, and 


grow from the upper part of the ſtone, 
DS _ which 
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way to convey. nouriſhment to it; but the : 
ſingle umbilical veſſel, by which th 


in the long capillary fibrous veſſels which 


85 analogous to the fibrous Mace of Nutmegs, 


carry in thoſe long diſtinct veſſels the very 


ductile ſtate till the Nut has dong growing. 
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which wauld be the; ſhorteſt and neareſt 


is nouriſhed, fetches a, compaſs round the 
concave of the ſtone, and then enters the 
kernel near its cone, by which artifice this 
veſſel being much prolonged, the motion of 
the ſap is thereby retarded, and à viſcid 
nutriment conveyed $0 the iced, which turns 
to hard ſubſtance. _ 

The like artifice of nature we may obſerve 


lie between the green hull, and the 
hard ſhell of. the Walnut, which arc 


the ends of whoſe hairy fibres are inſerted 
into the angles of the furrows in the Walnut: 


ſhell: Their uſe is therefore doubtleſs to 


viſcous matter which turns, when dry, to a 
hard ſhell; whereas were the ſhell immedi- 
ately nouriſhed from the ſoft pulpous hull 
that ſurrounds it, it would certainly be of 
the Game ſoft conſtitution: The uſe of the 
hull. being only to keep the ſhell in a ſoft 


r may obſerve FRE like elfeet of aſlower 
mot ion 


Of 2 nb. 8 
L motion of the ſap in Ever-greens, which per- 
* ſpiring little, their ſap moves much more 
| KM flowly than in more perſpiring Trees; and 
6 
0 
8 


is therefore much more viſcid, whereby they 
are better enabled to outlive the winters 
cold. It is obſerved that the ſap of Ever- 


4 | greens in hot Countries is not ſo viſcous as 
d the ſap of more Northern Ever-greens, as 
s dme fit, cc. for the ſap in hotter Countries 
. muſt have a brisker motion, oe means of 
, S MC Steuer perſpiration. $7 Fo! 

: 1 ExvznIMENT CXXIV. 

85 In order to enquite into the manner of 
d the expanſion of leaves, I provided a little 
tr Oaken board or ſpatula, 4 bd of this ſnape 
0 and ſize, (Fig. 43.) thro the broad part at 
71 a quarter of an inch diſtance from each other; 
a I run the points of 25 pins x x which ſtood 
i- t inch thro', and divided a ſquare: inch 
Jl into 16 equal parts. 

of WM  With'this inftrument in the proptt ſea | 
1G wn, when leaves were very young, I pricked 
fr ſeveral of them thro! at once, with the points 
g of all theſe pins, dipping them firſt in the 
er we d lead, which made laſting marks. 
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(Fig. 44. E _ the ſhape and ſize 
of a. young Fig-leaf, when firſt marked 
with red points, 4. + inch diftance hows each 
other. e 
(Fig. 45.) Ranges Ee the fame full grown 


ſponding numbers in the young leaf: 
Whereby may be ſeen how the ſeveral points 
of the growing leaf were ſeparated from 


each other, and in what proportion, vis. 


from a quarter of an inch, to about three 
quarter's of an inch diſtance. 
In this Experiment we may obſerve that 


the growth and expanſion of the leaves is 


owing to the dilatation of the veſicles in 


every part, as the growth of a young ſhoot 


was ſhewn to be owing to the ſame cauſe 
in the foregoing Experiment ?.3 and doubt. 
. les the caſe is the ſame in all Evite 

If theſe Experiments on leaves were fur- 
ther purſued, there might probably be many 
curious obſervations made in relation to 
the ſhape of leaves: By obſerving the dit- 


ference of the progre ſſive and lateral motions 


of theſe points in different leaves, that were 


of very different e in * to 


their breadths. 1 
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leaf, and the numbers anſwer to the corre- 
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That che force of dilating ſap and air, in- 


eluded in the innumerable little veſicles of 


young tender ſhoots and leaves, is abundantly 


ſufficient for the extending of ſhoots, and ex- 
panding of leaves, we have evident proof 


from the great force we find in the ſap of 


the Vine, chap. 3d. and from the vaſt force, 


with which inſinuating moiſture expanded 
the Peaſe. Experiment 32. we ſee the great 


power of expanding water, when heated in 
the engine to raiſe water by fire: And wa- 


ter with air and other active particles in ca- 
pillary tubes, and innumerable ſmall veſicles, 
do doubtleſs act with a great force, tho ex- 
panded with no more heat than what the 
Sun's warmth gives them. 5 

And thus we ſee that nature exerts a con- 


fiderable, tho' ſecret and ſilent power, in car- 
rying on all her productions; which demon- 


ſtrates the wiſdom of the Author of nature 
in giving ſuch due proportion and direction 
to theſe powers, that they uniformly con. 
cur. to the production and perfection of na- 
tural Beings; whereas were ſuch powers 
under no guidance, they muſt neceſſarily 
produce a Chaos, inſtead of that regular and 
f beautiful ſyſtem of nature which we ſee. 

5 We 
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We may plainly ſee the influence of the 
Barfs warmth in expanding the ſap in all 
the parts of vegetables, as well in the roots 
as the body that is above ground, by the 
influence it has on the ſix Thermometers 
deſcribed under Experiment 20, five of which 
were fixed at different depths from two in. 
ches, to two feet under ground, the other 
being expoſed to the open air. 

When in the greateſt noon tide heat the 
ſpirit of that which was expoſed to the Sun 
was riſen, fince the early morning, from 21 
to 48 degrees; then the ſpirit in the ſecond 
Thermometer, whoſe ball was two inches 
under ground, was at 45 degrees, and the 
3d, 4th, and 5th Thermometers were gradu- 
ally of leſs and leſs degrees of heat, as they 

were placed lower in the ground to the ſixth 
Tbemeter, which was two feet under 
ground, in which the ſpirit was z degrees 
high. In this ſtate of heat on all the parts 
of the vegetable, we ſee the Sun muſt have 
a very conſiderable influence in expanding 
the ſap in all its parts. The warmth was 
much greater on the body above ground, 
than on the roots which were two feet deep; 


es roots, — parts of roots which are 
deepeſt, 5 
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8 as they feel much leſs. of the Sun's 
warmth, ſo axe they not ſo ſoon, nor ſo 
much affected by the alternacies of day and 
night, Warm and cold: But that part of ve- 
getablcs, which is above ground, muſt have 
its ſap conſiderably rarified, when the heat 
increaſed from morning to two a clock after. 
noon, ſo much as to xaiſe the ſpirit in the 
iſt. Thermometer from 21 to 48 Ae, a. 
bove the freezing point. 

When in the coldeſt days of the winter | 
1724, the froſt was ſo intenſe, as to freeze 
the. ſurface of ſtagnant water near an inch 
thick, then the ſpirit in the Thermometer 
which was expoſed to the open air, was fal- 
leg. four degrees below the freezing point; 
the ſpirit of that whoſe ball was two inches 
under ground, was four degrees above the 
| freezing point; the 39, 4th and 5th There 
mometers were proportionably fallen leſs 
and leſs, as they were deeper, to the 6th 
Thermometer, which being two feet under 
ground, the ſpirit was 10 degrees above the 
freezing point. In this ſtate of things the 
work of vegetatiqn ſeemed to be wholly at 
8; 2 at os within. the reach of he 
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But When the cold was ſo far relaxed, as 
to have the ſpirit in the firſt Thermometer 
but 5 degrees above the freezing point, the 
ſecond. 8 degrees, and the sth 13 degrees, 
tho it was ſtill very cold, yet this being 
ſome advance from freezing towards warm, 
and there being conſequently ſome expan- 
ſion of the ſap, ſeveral of the hardy vege- 
tables grew, vig. ſome Ever-greens, Snow- 
drops, Crocus's, &c. which forward hardy 
plants do probably partake much of the na- 
ture of Ever-greens in perſpiring little; and 
the motion of their ſap being conſequently 
very flow, it will become more viſcous, as 
in Ever-greens; and thereby the better able 
to reſiſt the winter's cold: And the fmall 
expanſive force, which this ſap acquires in 
the winter, is moſtly exerted in extending 
the plant, little of it being waſted in _ 
ne to the ſummer's perſpiration. 

Supported by the evidence of many of 
the foregoing Experiments, I will now trace 
the vegetation of a tree from its firſt ſemi- 
nal plant in the Seed to its full maturity and 
production of other Seeds, without entring 
into a particular deſcription of the ſtructure 
of the parts of — - which has al- 

N r 
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ready been accurately _ oy Dr. Grew 
and-: Mal pip hi. Hn 9 31: 112939 0 
Me ſee by — 56, 57, 5% bn 
diſtilled Wheat, Peaſe and Muſtard. reed, 
what a wonderful proviſion nature has made, =_ 
that the Seeds of Plants ſhould be well ſtored 
with very active principles, which princt- 
ples: are there compacted together by him, 
vVho curiouſiy adapts all things to the put- 
poſes for which they are intended, with 
ſuch a juſt degree of coheſion as retains them 
in that ſtate till the proper ſeaſon of ger- 
mination; for if they were of a more lax 
conſtitution, they would too ſoon diſſolve 
like the other tender annual parts of plants: 
And if they were more firmly connected, as ; 
in_the heart of Oak, they muſt neceſſarily - 
have been many years in germinating, 2 
ſuppled with moiſture and warmth. 0 
When a Seed is ſown in the round, in 
a few days it imbibes ſo much moiſture, as 
to ſwell with very great force; as we ſee 
in the Experiment on Peaſe in an iron pot, 
this forcible ſwelling of the lobes of the 
Seed 4 r, ar (Fig. 46.) does probably pro- 
trade moiſture and nouriſhment from the 
capillary veſſels r, which are called the 
4469 Seed 
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Seed roots, FRG radicle o, >; 4 Vicht 
radicle, when it has ſhot ſome length into 
the ground, does chen imbibe nouriſhment 
from thence; and aſter * has acquired ſuf. 
ficient ſtrength, as this tender ductile root 
is extending from 5 to c, it muſt neceſſa. 
rily carry the expanding Seed · lobes upwards, 
at the ſame time that the dilating from 2 
to d makes it ſhoot downwards; and when 
the root is thus far grown, it ſupplies the 
Plume 6 with nouriſhment, which therebß 
ſwelling and extending opens the lobes 4 7, 
ax, which are at the ſame time raiſed a- 
bove ground with the Plume; where they 
by expanding and growing thinner turn to 
green leaves, (except the Seeds of the pulſe 
kind) which leaves are of ſuch importance 
to the yet tender Plume, that it periſhes, a 
or will not thrive if they are pulled off; 
which makes it probable, that they do the 
ſame office tò the Plume, that the leaves 
adjoyning to Apples, Quinces and othicr 
fruits do to them, vi. they draw ſap within 
the reach of their attraction; ſee Exper. 8 
and 30. But when the Plume is ſo far ad- 
vanced in growth, as to have branches and 
expanded leaves to draw up notiriſhment'; 
| then 
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. eee 1 
then theſe ſupplemental ſeminal leaves, ar, ar. 
being of no farther uſe, do periſn; not only 
becauſe the now grown and more expanded 
leaves of the young plant or tree, do ſo 
overſhadow the ſupplemental leaves, that 
their former more plentiful perſpiration is 
much abated; and thereby alſo their power 
af attracting ſap fails; but alſo becauſe the 
ſap, is. drawn from them by the leaves, and 
they being thus re of nouriſhment- 
do periſh. 
As the tree adyances i in 8 the ficſt, 5 
ſecond, third,, and fourth, order of lateral 
branches ſhoot out, each lower order being 
longer than thoſe immediately above them z 
not only on account of primogeniture, but 
alſo becauſe being inſerted in larger parts 
of the trunk, and nearer the root, they 
have the advantage of being ſerved with grea- 
ter plenty. of ſap, ' whence. ariſes. the beau · 
tiful parabolical figure of trees. 

But when trees ſtand thick together in 
Woods or Groves, this their natural ſhape 
is altered, becauſe the lower lateral branches 
being much ſhaded, they can perſpire little; 
and therefore drawing little nouriſhment; 
they: 2 but the top branches, being 

| | * 
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there a ſingle tree; that tree will the 


it uſually dies. 
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eon. and chereby abe 


wire verſa; if Wen Py a G ove 


trees is cut down, there be left here and 
re tho 4 
out lateral branches; the leaves of which 


branches now perſpiring freely, will at- 


tract plenty of ſap, on which account 
the top being eee of its er, me 


And as trees in a Grove or Wood grow 
only in length, becauſe all the nouriſhment 
is by the leaves drawn to the top, moſt of 
the ſmall lateral ſhaded branches in the mean 
time periſhing for want of perſpiration and 


nutrition; ſo the caſe is the very fame in the 


branches of a tree, which uſually making 
an 1 of rere 45 —_— WIE he _ 


e and proper dinaness the ſpace bj — 
the lower branches, and the top of the tree, 
forming thereby as it were a parabolical 
Grove, or Thicket; which ſhading the arms, 
the ſmall lateral ſhoots of thoſe arms uſually 


periſh for'want of due perſpiration; and 
thoectore the 3 arms continue e like the 


* 
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bodies of. Trees in a grove; all the nouriſh- 


ment being drawn up to the tops of the 
ſeyetal branches by the leaves which are 
there expoſed to the warm ſun and free 


dry ing air, whereby. * branches of Trecs 
expand much. 


And where he ee branches are very 


vigacous, ſo as to make ſtrong ſhoots, and 


attract the nouriſhment plentifully, there the 
tree uſually abates in its height: But where 
the tree prevails in height, as in groves, there 
commonly its lateral branches are ſmalleſt. 
So that we may look upon a tree as a com- 
plicated Engine which has as many different 
powers as it has arms and branches, each 


drawing from their common fountain of 
life the root: And the whole of each yearly 


growth of the tree will be proportionable 


to the ſum of their attracting powers, and the 


quantity of nouriſhment the root affords; 


But this attracting power and nouriſhment 


will be more or leſs, according to the differ- 
ent ages of the trec, and the more or _ 


Kan ſeaſons of the year. 


And the proportional growth ak aha 
lateral and top branches, in relation to each 
other, 0 much depend on the — 

2 „ | * = 
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her different ways of conveying / aouriſh- 
by. & mept 


8 
. 
* 


of their ſeveral attracting powers. If the 
perſpiration and attraction of the lateral 
branches is little or nothing, as in woods and 
groves, then the top branches will, mightily 


prevail; but when in a free open air, the 


perſpiration and attraction of the lateral 
branches comes nearer to an equality with 


that of the top, then are the aſpirings of the 
top branches greatly checked. And the caſe 
is the ſame in moſt other vegetables, which 
- when they ſtand thick together, grow much 


in length with very weak lateral ſhoots. 
And as the leaves are thus ſerviceable 


| in promoting the growth of a tree, we may 
obſerve that nature has placed the pedals of 
the leaves-ſtalks where moſt nouriſhment is 


wanting, to produce leaves, ſhoots and fruit; 


and ſome ſuch thin leafy expanſion is fo 


neceſſary for this purpoſe, that nature pro- 


vides ſmall thin expanſions, which may be 


called primary leaves, that ſerve to protect 


and draw nouriſhment to the young ſhoot 


and leaf. buds before the leaf it ſelf is cx- 

"Rees. MITES he beets hs. 
And herein we ee 7k . con- 

| trivance of the Author of nature in adapting 


Ul 
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ment to the different circumſtances of her 
productions. For in this embrio ſtate of the 
buds a ſuitable proviſion is made to bring 


nouriſhment to them in a quantity ſufficient 
for their then ſmall demands: But when 


they are in ſome degree increaſed and formed, 
a much greater quantity of nouriſhment, is 


neceſſary, in proportion to their greater in- 


creaſe: Nature, that ſhe may then no longer 
ſupply with a ſcanty hand, immediately 
changes her method, in order to convey 
nouriſhment with a more liberal hand to her. 
productions; which ſupply daily increaſes by 
the greater expanſion of the leaves, and con- 
ſequently the more plentiful attraction and 


ſupply of ſap, as the greater e and __ 
mand for it increaſes, 8 

We find a much mo ciabotube ah 
brautiful- apparatus, for the like purpoſe, in 


the curious expanſions of bloſſoms and flow- 
ers, which ſeem to be appointed by na- 
ture not only to protect, but alſo to draw and 


convey nouriſhment to the embrio fruit and 
ſeeds. But as ſoon as the Calix is formed into 
a' ſmall fruit, now impregnated with its 
e ſeminal tree, furniſhed with its 
ine, Corion and * 3 
2; Aaz. new 
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new ſet fruit may in that ſtate be looked 
upon as a compleat egg of the tree, con- 
taining its young unhatched tree, yet in em- 
brio) then the bloſſom falls off, leaving this 
new formed egg, or firſt ſet fruit in this infant 
ſtate, to imbibe nouriſhment ſufficient for... 
it (elf, and the Factus with which it is im- 
pregnated: Which nouriſhment is brought 
within the reach and power of its uon 
by the adjoyning leaves. | 
If I may be allowed to indulge a. 
in a caſe, in which the moſt diligent in- 
quirers are as yet, after all their laudable re- 
ſearches, advanced but little farther than 
meer conjecture, I would propoſe it to their 
conſideration, whether from the manifeſt 
proof we have that ſulphur ſtrongly attracts 
air, a hint may not be taken, to conſider 
whether this may not be the primary ufe of 
the Farina fecundans, to attract and unite 
with it (elf claſtick or other refined active 
particles. That this Farina abounds. with 
ſulphur, and that à very refined ſoot; is pro. 
bable from the ſubtile oil which chy miſts 
obtain from the chives of ſaffron. And if this 
be the uſe of it, was it poſſible that it ou 
__ more Lage placed 0 W on very 
48 moveable 
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moveable Apices fixt on the ſlender points 


of the Stamina, whereby it mi ght eaſily with 


the leaſt breath of wind be diſperſed in the 
air, thereby ſurrounding the plant, as it were, 
with an Atmoſphere of ſublimed fulphur- 


eous pounce? for many trees and plants abound 
with it, which uniting with the air particles, 
they may perhaps be inſpired at ſeveral parts 
of the plant, and eſpecially at the Piſfillum, 


and be thence conveyed to the Capſula 


ſeminalis, eſpecially towards evening, and in 


the night when the beautiful Perala of the 


flowers are cloſed up, and they, with all 
the other parts of the vegetable, are in a 
ſtrongly imbibing ſtate, And if to theſe 
united ſulphureous and aereal particles we 
| ſuppoſe ſome particles of light to be joyned, 


for Sit T/aac Newton has found that ſulphur 


attracts light ſtrongly, then the reſult of 


theſe three by far the moſt active principles 


in nature will be a Punctum Saliens to 
invigorate the ſeminal plant: And thus we 
are at laſt conducted by the regular Analyſis 


of vegetable nature to the firſt enlivening N 
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7 TE 'have from the ems Expert: 


ments many proofs of the very great 


and different quantities of moiſture- imbibed 


and perſpired by different kinds of Trees, 


and alſo of the influence of the ſeveral ſtates 


of the air, as to warm or cold, wer or dry, 


have on that perſpiration. We ſee alſo what 


ſtores of moiſture nature has provided in 
the Earth againſt a dry ſeaſon, to anſwer 
this great expence of it in the production 
and ſupport of vegetables; how far the 
dew can contribute to this ſupply, and how 
inſufficient its ſmall quantity is towards 
making good the great demands of perſpira- 


tion: And that plants can plentifully imbibe 
moiſture thro their eins and net, * — 
as perſpire it. 5 M 4H le 2 


We ſee with eum Aae of n the 
ſun, that kindly natural genius of vegetation, 
acts on the ſeveral parts of vegetables, from 
cheit tops down to Fes roots two feet under | 


5 i EEE: OE $5 
We n alſo kay: — ofthe ent | 
force with which plants and their ſeveral 
branches and leaves — ova up 
9 ir 
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their capillary ſap veſſels: The great influence 
the perſpiring leaves have in this work, and 
the care nature has taken to place them in 

ſuch order, and at ſuch proper diſtances, as 
may render them moſt ſerviceable to this 
purpoſe, eſpecially in bringing plenty of nou- 
riſhment to the young growing ſhoots and 
fruit whoſe ſtem is uſually ſurrounded with 
them near the fruit's inſertion into the twig. 
We ſee here too that the growth of ſhoors, 15 
leaves and fruit, conſiſts in the extenſion of 
eyery part; for the effecting of which, na- 
ture has provided innumerable little veſicles, 
which being replete with dilating moiſture, i 
it does thereby powerfully extend, and ara 
out every wuttile part. 
Me hay here alſo many inſtances of the 
great forèe of the aſcending ſap in the vine 
in the bleeding ſeaſon; as alſo of the ſap's 
freely either aſcending or deſcending, as it 
ſhall happen to be drawn, by the perſpiring 
leaves; and alſo of its ready lateral motion 
thro the laterally communicating ſap veſſels; 
together with many proofs of the great 
plenty of air drawn in and mixed with the 
ſap and incorporated into the ſubſtance of 
| vegetables... 


4 therefore theſe Experiments and Obſer. 
* 1  yations.. 
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vations give us any fatther inſight into the 
nature of plants, they will then doubtleſs 
be of ſome uſe in Agriculture and Garden. 
ing, either by ſerving to rectify ſome miſtaken 
notions, or by helping farther to explain the 
reaſons of many kinds of culture, which 
long repeated experience has found to be good, 
and perhaps by leading us to make ſome advan- 
ces therein: But as it requites a long ſeries and 
great variety of frequently repeated Experi- 
ments and Obſervations,” to make a very 
ſmall advance in the knowledge of the 
nature of vegetables; fo proportionably we 
are from thence only to expect ſome gradual 
improvements in the culture of them. 
The ſpecifick differences of vegetables, 
which are all ſuſtained and grow from the 
ſame nouriſhment, is doubtleſs owing to the 
very different formation of theit minute 
veſſels, whereby an almoſt infinite variety of 
combinations of the common principles of 
| vegetables is made; whence ſome abound 
more with ſome principles and ſome with 
others. Hence ſome are of a warmer and more 
ſulphureous, others of a more watry, ſaline, 
therefore colder nature; ſome of a more 
firm and laſting, others of a more lax and 
periſhable conſtitution. Hence alſo it yo 
| ome 
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| ſome: ants flouriſh-beſt in one climate, and 
others in another; that much moiſture is kind- 
ly. to fome, and hurtful to others; that ſome 
xequire aftrong, rich, and othersa poor, ſandy 
ſoil a ſame do beſt in the ſhade, and others in 
the fun, c. And could our eyes attain toa 
ſight of the admirable texture of the parts on 
which the ſpecifick differences in plants de- 
pends, what an amazing and beautiful ſcene 
of inimitable embroidery ſhould we behold? 
what a variety of maſterly ſtrokes of machi- 
nery! what evident marks of cogſummate 
wiſdom ſhould we be entertained' with? 
We may obſerve that the conſtitution of 
plants. is curiouſly adapted to the preſent 
ſtate of things, ſo as to be moſt flouriſhing 
and vigorous in a middle ſtate of the air, vi. 
when there is a due mixture and proportion 
of warm and cold, wet and dry; but when the 
ſeaſons deviate far to any extream of theſe, 
then are they leſs or more injurious to the 
ſeveral ſorts of vegetables according to the 
very different degrees of hardineſs, or healthy | 
latitude they enjoy. | 
The diffetent ſeaſons in which plants thrive 
20 beſt, ſeems to depend, among other cauſes, 
- onthe very different quantities imbibed and 
 perſpired by differen Kinds || 


T Aide of plants T hus the Eve -greens per- 
ſpiring little,” and having thereby a thick, 
viſcid, oily ſap, they can the better endure 
the winter's cold, and ſubſiſt with little freſn 

nouriſhment: They ſeem many of them to 

flouriſh moſt in the temperate ſeaſons of the 
year, but not well in the hotteſt part of 
Summer, becauſe their perſpiration is then 
fomewhat teo great, in proportion tothe ſlow 
aſcent of the ſap, which makes ſome of them 
at that ſeaſon to abate of their vigor: Thus 
fome'plants, which grow and thrive with 
the tow perſpiration of January and Fe- 
bruary, periſh as the ſpring advances, and the 
warmth and perſpiration is too great for 
them. And thus Garden Peaſe and Beans, 
which are ſown in what is found to be their 
pfoper ſeaſon, viz. in November, Fanuary, 
& 1 Nehruary, tho they make but a flow pro- 
gieſs in their growth upwards, during the 
cold ſeaſon, yet their roots, as alſo thoſe of 
Winter corns, do in the mean time ſhoot well 
into the warmer Earth, ſo as to be able to 
afford plenty of nouriſhment when the ſea- 
ſon advances, and there is a greater demand 
of it both for nutrition and perſpiration. But 
when Peale: are ſown in June, in order for a 
| crop 


— 


i September, they = * well, 
unleſs in a cool moiſt ſummer, by reafon of 
the too great perſpiration cauſed by the ſum- 
mers heat; which drys and hardens their 
bones before they are full grown,  _ 
Tho we have from theſe Experiments „ 
ang from common obſervation, many proofs 
of the great expanſive force, with which the 
fibrous roots of plants ſhoot, yet the leſs 
reſiſtance theſe tender ſhoots meet with, the 
greater progreſs they will certainly make in 
equal times: And therefore one conſidera- 
ble uſe of fallowing and trenching ground, 
and of mixing there with ſeveral ſorts of com. 
poſt, as Chalk, Lime, Marle, Mold, Cc. 
is not only thereby to repleniſh it with rich 
manure, but alſo to looſen and mellow the 
ſoil, not only that the air may the more 
eaſily penetrate to the roots, but alſo that 
the roots. may the more readily make vigo- 
rous { ſnoots. And the greater proportion the 
ſurface. of the roots bears to the ſurface. of 
the plants above ground, ſo much the greater 
quantity of nouriſhment they will afford, 
and conſequently the plants will be the more 
vigorous, and better able to weather it out, 


* e ſeaſons, than thoſe plants 
4 1 whoſc 
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whoſe — uch ſhorter ſhoots. 
Herein therefore conſiſts the mes care 
and skill of the Husbandman, to adapt 
his diffetent ſorts of Husbandey to- the 


„ very different ſoils, ſeaſons and kinds of 


grain; that the ſeveral ſorts of eatth, from 
the very ſtiff and ſtrong ground, to the 
looſe light earths, may be wrought to the 


beſt temper they are capable of, for the 


kindly ſhooting and nouriſhing of the roots. 
And probably the Husbandman might get 
many uſeful hints, to direct him in adapt- 
ing the ſeveral kinds of manure, and dif- 
ferent ſorts and ſeaſons of culture to his 


different ſdils and grains: If in the ſeve- 


ral ſtages and growth of his Corn, he would 
not only make his obſervations, on what 
appears above ground, but would alſo fre- 
quently. dig up, compare and examin the 


roots of plants of each fort; eſpecially of 
- thoſe which grew in different ſoils, and were 
any how cultivated in à different manner 
from each other; this would inform them 


alſo, "whether they ſowed their 
thick ot too thin, by comparing the branch- 


ings and extent of each root, with: he _ 


of ground alotted it "to grow in. 
And 


An FRY fad ee 
ut inſpired and mixt with the ſap, and 
wrought into the ſubſtance of vegetables, 
the advantage of ploughing and fallowing 
ground ſeems to ariſe not only from the 
killing the weeds, and making it more mel- 
low, for the ſhooting of the roots of Corn; 
but it is thereby alſo the better expoſed to 
have the fertilizing, ſulphureous, aereal and 
acid particles of the air mixt with it, which 
make land fruitful, as is evident from the 
fertility which the ſword or ſurface of land 
acquires, by being long expoſed | to the air, 
without any culture or manure whatever. 

We have ſeen many proofs of the great 
quantities of liquor imbibed and perſpired 
by plants, and the very ſenſible influence 
which different ſtates of the air had on their 
more or leſs free perſpiration: A main 
intention therefore to be attended to in 
the culture of them, is to take due care, 
that they be ſown or planted in proper 
ſeaſons and ſoils, ſuch as will afford them 
their due proportion of nouriſhment ; which 
ſoils, as they are exhauſted, muſt, as tis well 
known, from time to time, be repleniſhed- 


with freſh * ſuch as is full of ſaline, 
. ſulphu- 
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5 2 andacreal particles, with wich 
-common dung, lime, aſhes, ſword, ot burn: 
bated turf abound : As alſo ſuck manures 
as have nitrous and other ſalts in them; for 
tho neither nitre nor common ſalt be found 
in vegetables; yet ſince they are obſerved 
to promote fertility, it is reaſonable to con- 
clude; that their texture is greatly altered 
in vegetation, by having their acid volatile 
ſalts ſeparated from the Attracting central 
air and earthy particles, and thereby mak- 
ing new combinations with the nutritive 
juice ; and the probability of this is further 
confirmed from the great plenty of air and 
volatile ſalt, which is found in another com- 
bination of them, vig. in the Tartar of fer- 
menting liquors: For it is the opinion of 
Chymiſts, that there is but one volatile ſalt 
in nature, out of which all other kinds of 
falts are formed by very different combi- 
nations, all which nutritive principles do 
by various combinations with the cultivated 
cearth, compoſe that nutritive ductile mat- 
ter, out of which the parts of vegetables 
are formed, and without which the watry 
vehicle alone cannot render -a Fend ſoil 
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Nor is this:the only care the 8 


> ty of plants and trees depends much 
upon the happy influence and concurrence 
of a great variety of other circumſtances. 


Thus many trees are unfruitful by being 
Planted. too deep, whereby their roots being 
in too moiſt a ſtate, and too far from the 


proper influence of the Sun, whoſe power 
greatly decreaſes the deeper we go, as we 
ſee in Experiment 20. they imbibe too much 
crude moiſture, which tho broda ne, of 
wood, is yet unkindly for. fruit. 
Or if when not planted too deep they 
are full of crude ſap, either by being too 


luxurious, or too much ſhaded ; or are plan- 
ted in a moiſt, when they delight in a dry 
ſoil, then the ſap is not ſo ſufficiently di- 
geſted by the Sun's warmth, as to be in 
that ductile ſtate, which is PIPE, for. Ts ; 


producing of fruit. 
And thus the Vine, 1 is Si to 
thrive: well in a dry, gravelly, rocky ſoil, 


will not be ſo fruitful in a moiſt, ſtiff, clay 


ground: And accordingly we may obſerve 


in Experiment the zd, that tho the Vine 
imbibed and perſpired more than the Ever- 
n I. it en ins than the Apple- 
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88 which delights in, «hd: * beſt in "We 
ſtrong brick-carth clay; for tho the Vine 
blceds moſt freely in its ſeaſon, produces 
many long ſucculent. thoots,: and bcars:great 

plenty of a very juicy fruit, yet from that 
Experiment it is plain, that it is not a great 


perſpirer, and cherefore thrives beſt in a ary, 
rocky, or gravelly ſoil. . LI 
Ihe conſiderable — — — of: — 2 Y 
n by Experiment 1 6. is perſpired from 
the branches of trees, during the cold win- 
ter ſeaſon, plainly ſhews the reaſon, Why in 
a long ſeries of cold north- eaſterly winds, 
«the bloſſoms, and tender young ſet fruit and 
leaves, are in the early ſpring fo frequently 
blaſted, vis. by having the moiſture exhaled 
faſter than it can be ſupplied from the trees; 
for doubtleſs that moiſture riſes the flower 
from the root, the colder the ſeaſon is, tho 
it riſes in ſome degree all the winter, as is 
evident from the ſame Experiment. 
And from the ſame cauſe it is, 1 the 
| leafy. ſpires of Corn are by theſe cold dry- 
ing winds often faded and turned yellow; 
Which makes the Husbandman, on theſe oc- 
cCaſions, Wil for ſnow ; which tho it be very 


erh vet it not only defends the root from 
being 


| being: OFTEN but alſo 3 the Corn 
from theſe drying winds, ang ee it in 22 
moiſt, florid; ſupple ſtate. 

It feemis therefore to be a very dae 
direction which is given by ſome of the 
Authors who write on Agriculture and Gar- 
dening, vis. during theſe cold dry ing winds, 
when little dew falls, to water the trees in 
dry ſo ils, in the bloſſoming ſeaſon, and while 
the young ſet fruit is tender; and provided 
there is no immediate danger of a froſt, or 
in caſe of continued froſt, to take care to 
cover the trees well, and at the ſame tine 
to ſprinkle them with water, which is imi- 
tating nature's method of watering every part: 
But if the ſucceſs of this practice in cold 
weather may be thought a little doubtful ; 
yet the ſprinkling the bodies and leaves of 
trees, in a-very hot and dry ſummer ſeaſon, 
ſeems moſt reaſonable, for by Exper. 42. 
they will imbibe much moiſture. 
As to ſloping ſhelters over Wall-trees, I 
have often found, that when they are ſo 

broad as to prevent any rain or dew com- 
ing at the trees, they do more harm than 
good, in theſe long eaſterly drying winds; 
becauſe they prevent the rain and dews 


| falling on them, which would not only 
„ 
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reireh and Bure — —— | 
nouriſhment! to them: But in the caſe of 
ſharp froſts after ſhowers of rain, theſe ſhel. 
ters and other fences muſt nceds be of ex- 
cellent uſe. to prevent the almaſt total de- 
ſtruction which is ocaaſioned hy the freez- 
ing of the tender parts of vegetables, When 
they” are full ſaturate with rann: 
The full proof we have from theſe Ex. 
periments, of the ſerviceableneſs of the leaves 
in drawing up the ſap, and the care we ſee 
nature takes, in-furnifhing; the twigs with 
plenty of 3 principally near the fruit, 
may inſtruct us on the one hand, not to be 
too laviſn in pruning them off, and to be 
ever mindful to leave ſome on the branch 
beyond the fruit; and on the other hand, to 
be as careful to cut off all ſuperfluous ſhoots, 
which we are aſſured do draw off in waſte 
great quantity of nouriſhment. And might 
it not be adviſeable, among many other ways 
which are preſcribed, to try whether the 
too great luxuriancy of a tree or branch 
could not be much checked by pulling off 
ſome of its leaves? How many experience 
will beſt teach us, the pulling all off will 
i the killing the branch or tree. | 
r is another very conſiderable. uſe of 
ass 3 <3 | the 


* — to keg dot fault in 
4 ſupple ductile ſtate, by defending it from 
the Sun and drying winds, which by tough - 
ning and hardening its fibres ſpoil its growth, 
when too much expoſed to them; but when 
full grown, or near it, a little more Sun 
is often very needful to ripen it. In hot- 
ter climates fruits want more ſhade than 
in this countty, and here too, more ſhade 
is needful in a ws t _ berge than in a 
wet cool one. e SOT 152; : 
11 Pheevnſiteration! of! thi give imbibiog 
power of the branches of trees, and the rea- 
dineſs with vhich we ſee t he ſap paſſes to and 
fro, to follow the ſtrongeſt attraction, may per- 
haps+4 ive ſome uſeful hints to the Gardiner, 
in tlie pr ming and ſhaping of his trees, in 
cheeking the too luxutiant, and helping __ 
cticourigingrheunthriving partsof trees. 
It is #conſtant rule among Gm ee 
ded on long experience, to prune weak trees 
early in the winter, becauſe they find that 
late pruning checks them; and for the 
ſame reaſon to prune luxuriant trees late in 
the ſpring, in order to check their luxuri- 
ancy. Now it is evident that this check does 
not proceed from any conſiderable loſs of 
ounds of the pruned tree, ex- 
50 2 | n 
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32 caſe as a few bleeding trees when 
cut in that ſeaſon; but muſt atiſe from ſome 
other cauſe; for by Experiment 12 and z. 
where mercurial gages were fixed to the ſtems 
of freſh cut trees, thoſe wounds Were con- 
ſtantly in a ſtrongly imbibing ſtat nur. 
the Vine in the bleeding ſeaſon. 
When a weak tree is pruned —_ in . | 
beginning of the winter, the: orifices of the 
ſap · veſſels arecloſed uplong before the ſpring, 
as is evident from many Experiments in the 
- 1ſt; 2d and zd chapters; and conſequently 
when in the ſpring and ſummer the warm 
- weather advances, the attracting force of the 
perſpiring leaves is not then "weakened: by 
many inlets from freſh wounds, but is wholly 
exerted in drawing ſap from the root. Whe 
as on the other hand, when a luxuriant 
tree is pruned late in the ſpring, the force 
of its leaves to attract ſap from the root 
will be much ſpent and loſt at nee 
E ant in lets. © $47 
Beſides, the early ig: tree its eaſed 
| ok ſeveral of its twigs or branches, has there - 
by the advantage of ſtanding thro' the whole 
winter, with a head better proportioned to 
its weak root. And ſince by Exper. 16. the 
ſap is found to aſeend in the winter, leſs of 


het « roots and ſtem, to ſupply the ET 
ration of the remaining boughs,.. whereby 
the ſap of the tree is probably leſs depau- 
perated than it would have becn, if all 
the boughs had remained on. For theſe rca. 
| * early pruning ſhould in the main, and 
xc ting ſome caſes, be better than late. 
And the reaſonableneſs of this practice 
is further confirmed by the experieneę of 
2 "wo Palmer, 4 curious Gentleman of Chel- 
ſea,; who has found, that by pruning his 
— and pulling all the leaves off them / in | 
Sepremberzasſoonasthefruit was off, they have 
born greater plenty of Grapes than other 
Vines, particularly in the year 17226. when 

by reaſon of the extreme wetneſs and cold. 
neſ of the preceding ſummer, the unripe 

ſhoots produced generally very little fruit. 
From many Experiments in the ſecond 
Chapter, the Gardiner will ſee with what 
force his grafts imbibe ſap from the ſtock, 
eſpecially that ductile nouriſhme nt from be- 
twecnthe bark and wood; which correſpond- 
ing parts he well knows by conſtant expe- 
rience muſt be carefully adapted to each other 
in grafting, thoſe grafts/ being always beſt 
"BIG; nnn . 
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© The great quantities of moiſture which 
we find by Experiment 12 are imbibed at 
wounds where branches are cut off; ſhews 
the reaſonableneſs of the caution uſed by 
many who are deſirous to preſetve theic rrees, 
viz. either by plaiſtring or covering witl 
Sheet-lead the very large wounds of l trees, 
to defend their trunks from being rotted by. 


1 


. che foiking in of rain. e 
And from the ſame 12th Experiment a 
hint may be taken to make ſome attempts 
to give an artificial taſte to fruits, by making 
trees imbibe in the ſame manner ſome 
ſtröngly tinged or perfumed liquor, which 
ph not ſpirituous, for that we ſee will Kill the 
I have made the ſtem of 4 Peach of a 
ae imbibe two quarts of Water without 
killing it; If any are deſtrous to make this 
Experiment they ſhould take care to cut the 
ſtürnp which is to imbibe the liquor as bons 
ad they can, that there may Wc 
room, from time to time, to cut off an q 
or two of the top, when it is grown ſo —.— 
with liquor that more wilt norpaſs. ' 
The Ever-greensarc found to imbi x and 


«£538 ite much leſs than other trees, yer is 
Be the 


that it has always. been one of the xeateſt 
_ difficultics, in the ordering of a Green-houſe 
to let in freſh, air enough without expoſing | 
the plants to too much cold. For ſince the 
: perſpiration of trees will not be free and 
eindly in a cloſe damp air, the ſap will be 
apt to ſtagnate, which will, make the plants 
grow moldy, or they will be ſickly, by im- 
1 ſuch damp. tancid vapours; for by 
r. Miller's curious obſervations on the 
eee of the Plantain tree of the 
Mat. Indies, and of the Alue under Experi- 
ment ** plants will often imbibe moiſture in 
the night as well in ſtoves as common Greens 
houſes without fire; it is certainly of as great 
importance to the life of the plants to diſ- 
charge that infected rancid air, by the ad- 
mittance of fxeſh, as it is to defend them from, 
the extream cold of the outward air, which 
will deſtroy them if let in immediately upon 
them. It ſeems therefore to be a very reaſon · 
able method which ſome uſe, vis, to cover 
ſome of the inlets of their Green - houſes on 
all ſides with canvaſs, and in extream cold 
weather with ſhutters made of reed or firaw,, 
through which, the air can only paſs. in little 
dreams: The le contrivancẽ would pro- 
nity 3 | "wm 
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at the ſame time 
Wn hat the air may 
innume 9 o mea 


have 


